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Page 2.

Transactions of II All-Union Conference on the charged particle

accelerators, Vol. II. Publishing house "science", 1972.

I In works of the II All-Union conference on .harged particle

accslirators are placed the materials, which reflect the contemporary

state of theco:y and of accelerators technique. In Soviet and foreign

specialists' reports they are described newest accelerators of

different types as well as most important systems &nd elements/cells

of accelerators. The transactions of confe:ince are published in two

volumes. The second that are connected questions of particle

dynamics, and, in particular, the dynamics of intense beans, radio

electronics and radio engineering of accelerators, control of

accelerators with the aid of the corputers, the transportation of

*1 oeams and others.
~* I

I The materials of conference will be useful for specialists,

connected with development and operation of charged particle

accelerators.

Organizars of conference the Academy of Sciences of the USSR state

coumittee on the use of atomic eneigy of the USSR.

All
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Resp3nsible editor A. A. Vasil"yev.

Page 3.

From the editor.

To second All-Union Conference on the charged particle

accelerators ware represented 175 reports, 110 of which were reported

I at twelve sessions of conference and special seminars.

I Ia the works are published, with some small exceptions, all

represented to the conference reports, and also materials of

discussion. The transactions of conference are published in two

volumes.,

Second volume includes reports at the VII-XII sessions of

conference.

it is possible to hope that containing in the reports and the

discussions useful informat.ion vill be used by specialists in their

daily activity.

... .. iZ1
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Page 4.
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Page 5.

Session VII.

Particle dynami-s in the accelerators, the accumulatorsMA06*e and I

units with * beans (I). v

84. Longitudinal cowpression of clusters.

I., A. Grisha v, A. V. rDovbnya, V. V. Petreako.
48

(Physiotechnical institute of AS okSSRb.l

Ono of the basic factors, which limit obtaining small energy

spreads in the linear electron accelerators, is the phase width of

the injected cluster. For guaranteeing the energy spreads of beam

-10-4 it is necessary to create at the output of injector accelerator

clusters with phase sizes/disensions of -10. Obtaining such clusters
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is c3nnacted with the great difficulties, caused by the action of the

forces of space charge in the case of applying klystron type

grouping. But if for the formation of short cluster is applied

high-frequency punch, then obtaining short clusters is

conjugated/combined with the large losses of current.

In this work is proposed the method of the formation of the

short Clusters, applied also in relativistic region where by the

action of space charge with the currents in several amperes it is

possible to virtually disregard and, thus, to eliminate limitations

to obtaining of supershort clusters. The diagram of method is shown

I in Fig. 1.

let us examine the case when in HF-separator is propagated with

the speed of light the traveling wave with the transverse electric

field whose vector lies/rests at the horizontal plane [1, 2J. Then

e S Ci,

where io. x0' - radial- angular characteristics of beam at the

I entranca into the separator; me and e - the same at the output of

separator; e - electron charge; S - amplitude of HP field; 0-

phase; d - length of separator and E - energy of particle.

Im i~ lmmmm mmml mmmm
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HF-separator creates the relation of the characteristics of

beam at the sntrance into the solenoid with the phase H? field. After

making the appropriate transformations of coordinates of particles

(3, 4] and after determining the particle path lengths, it is easy to

find expression for the phase on the output of the solenoid:

+0+

{ where s - length of solenoid; X - wavelength of HF oscillations;

i - H - field of solenoid; C - iistance between an

E 2

HF-separator and the solenoid: Yo and y. - initial characteristics

E 4 4

+ o+ bel [n dthe' vertica 0] +n(2

The investigation of this expression sho s that the bundle of

electrons, after traversing this system, can be reduced. Pig. 2 shows

the dependence of the exit phase of particle on the input under the

condition: o, j* -0." - I' = 0. E - 5 MeT, 6 - 2 kT/cm, d=3 cm, X=10

ca, 9 = 28 cm, s=260 cm and H=2000 e. As can be seen from graph/curve,

if the beginning of cluster is arranged in region of 200, then at the

output of solenoid its phase width will be about 10 with the initial

extent of approximately 500..

A4
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§For explaining the "real" picture the process of shortening of

cluster with the aid of the specific routine was simulated according

to the method of Monte Carlo on computers M-220A. In the paramsters:

iX{02yl=O, cM, X'oY='o=±1.0- 3 rad; E=5 (1+-0.04) Met; S - 92 (1+-

0.005) kV/cm; A=3 cm; X=10 CI; t -28 CS; s=260 c2; E=2013 e and two

thousand tests (N=2000) are obtained the following results.

j

;4, 'I

, l

V4
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, t /

0wC
Fig. 1. The diagram of method 0 H2 C - clusters in the initial and

in final states; I and 2 - particle trajectory, arranged/located

respectively in the beginning and at the end of the cluster.

Kay: (1). separator. (2). Solenoid.

Page 6.

Fig. 3 gives the histogram of particle distribution according to

.the phases at the oatput of solenoid, from which it is evident that

1 ' into 83o/o of cases the region of exit phases is located in interval

of 60. However, if we consider real particle distributions in the

I cluster according to the intensity, then the percentage of current in

this interval of phases will be still large.

Fig. 4 shows calculated horizontal emittance at the output of

,j the system of phase compression. Since the action of an HP-separator

I

|C



DOC = 80069301 PAGE 9

becomes apparent only into the horizontal of plane, then vertical

emittance changes insignificantly. As can be seen from figure,

horizontal emittance, during the phase compression considerably

increases.

The longitudinal compression of cluster can occur also in the
fields of another type, for exa:ple, in the quadrupole ones, the

sector ones, etc. For the quadrupole channel of the type FD with the

gradient of 800 Oe/cm and the length of lens 3 cm the solution of the

problem of the compression of the cluster was found by simulation in

the analog computer HN-7M.

For the beam with the wave energy 5 MaT the dependence of exit

phase on the input is shown in Fig. shch. By parameter of the curves

is the length of quadrupole channel. From given data it follows that

at the length of channel 270 cm and with the appropriate phasing the

cluster in initial phase width approximately 450 can be presssed to

If for the creation of the required path difference is applied

I sector magnet, then expression for the phase of particle at the

output of the systax -f compression is represented in the analytical

form. &nd in this case system possesses the property of the

compression of cluster similarly how this is obtained in the system

j -
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with the solenoid.

Th3 analysis of systems examined here shows that the process of

compressing the cluster different factors affect differently. In

particular, ,ne group of factors to which they relate the initial

geometric characteristics of beam, larger effect exerts to the phase

sizes/dimensions; the second group which encompasses energy spread,

fluctuations VCh and magnetic field, more greatly it affects the

process of changing the effective emittance.

The experimental investigations, conducted from the linear

accelerators of FTI of AS USSR, showed that the use/application of

these methods for obtaining the very short clusters is promising. The

decrease of the effactive emittance of beam should be, obviously,

linked with the search of the systems which would be non-dispersion

and at the same time anisochronic.

° '!

I.-
= .

:; -- ¢I
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3157

Fig 2.1
-20 20 O '0 O OO .~ It1

Fig. 2. Fig. 3.

Fig. 2. Dependence of exit phase of particle on input.

Key: (1). deg.

f Fig. 3. Particle distribution according to phases.

K
Key: 1). deg.

.1 -. ..-- ", . '.,.. . , . .,... . -. -.. -;--, -- -.";-- . "_.2.- :
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IT)

1 02

Fig. 4. Emittance of beam.

2
Kay: (1). rad.

Fig. 5. Phase responses for quadrupole magnetic pipe of lengthS. 1 -

s=0; 2 - s=120 =a; 3 - s=204 ca ; - S=270 ca, 5 - s=360 ca.

Kay: (1). deg,
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85. Use of a high-frequency quad.-upole focusiag in the linear ion [
accelerators .

*1

V. A. Tgplyakov.

(Institute of high-energy physics).

I Ali contemporary linear accelerators of protons are constructed

on the basis of the cylindrical cavity, loaded with the drift tubes,

in which are placed magnetic quadrupole lenses. Accelerators of this

type are well investigated and structurally/constructurally finished.

The attempts to use the focusing of protons by accelerating field in[ } cylindrical cavity (1-4] were not crowned by success, and, possibly ;

therefore to the development of accelerators with the focusing by

accelerating field it was not given proper attention. However, the

diverse variants of focusing by high-frequency field in the
accelerating systems with the use of H-resonators are of doubtless

practical interest. Therefore, examining in the report only one of

the versions of focusing ay the accelerating field: focusing by HF

quadrupole field, it is necessary to dwell also on the special

features/peculiarities of H-resonators as the structural/design basis

,
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of accelerator.

l. Single clearance.

la the description of interaction of ions with HP field of one

acceterating gap it is convenient to use the expansion of scalar

potential in the series/row in the eiganfunctions of cylindrical

coordinate system. During this resolution in the linear

approximation/approach by essential ones for interaction prove to be

only two components of the field: axially symmetrical and quadrupole.

Since a change in the speed of ion in one clearance is small, from

the resolution of these components of field in the series/row in

terms of z (Z-axis coincides with the axis/axle of accelerator) it

suffi9e3 to hold down/retain only one harmonic. Thr.s, for describing

that part of the field with which the ion effectively interacts, it

suffices to introduce three parameters:

u*2,0-U _ _os ca Xjk2)

-.(e'eInn 0" cos 2 (1)

Here u -scalar potential; k~aAS - wavelength; z,

cylindrical coordinate system; 0%,6 1 - parameters of clearance.

Time to of passage by the particle of the center of clearance

determines the phase of particle m-- ;t

I *

Ii4"
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A change in the energy of particla on one clearance is

determined by the axisymmetric component

(006to) (2)

The parazeter 3 we will call the effectiveness of interaction of

particle with the field. A change in the transverse particle momentum

is determined by the axially symmetrical, and quadrupole components

of the field:

sr i6U Aw,

Here N - multiplicity of the period of acceleration, value,

reciprocal to the number of clearances to JSX; d-a's~n9+cw -

"quadrupole nature " of clearance.

2. Versions of HF focusings.

It is possible to construct different typos of

alternating-gradients focusing by acceleratinq field. In the first

half-period of the focusing

but the second

(44)
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whers _l aind let us name/call the parameters of focusing.

If it is afterward axially symmetrical, and the phase of

particles in the adjacent clearances is determined by expression

then ttie parameters of this altarnating-phase focusing [2, 5]

are squal to:

XNAW
4W SW~ 9 Cos 8,

4W

with the focusing by aF quadrupole fiald, if in the adjacent

clearances changes only sign i (FD- focusing), then

ANAW

(6)

Focusiaig by HF field can have aore complicated structure, if in

the adjacent halt-periods changes both the phase of synchronous

particle and quadrupole nature of claarances.

3. Fundamental principles.

As for any alternating-gradient focusing, for the focusing by

4 accelerating field there is a zone of stability. Fig. 1 gives the

'4 typical diagram of the zone of stability with the plotted/applied on

I :
I
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it linos of permanent phase change of transverse vibrations in the

period of focusing (p) and the linas of minimum frequency ( -

frequency of transverse vibrations to scale of the time of flight of

one period of focusing).

?rom (5) and (6) it is evident that in the process of

longitudinal (phase) oscillations the states of particles on the

diagram of stability remain in the cut of the ellipse (sea Fig. I).

Page a.

(With the focusing with the magnetic quadrupole lenses of the state

of particles they move over the segment of line, parallel axis of

abscissas). Parametric connection/communication of transverse motion

with the longitudinal leads to an increase in the smittance of beat

[6]. If beam is matched with the channel, all particles of the

accelerated cluster are not distinguished on phase change M, and a

change in frequency * occurs adiabatically slowly, then the

emittance of beam will remain constant/invariable. Focusing by HF

quadrupole field (6) makes it possiblu to create conditions with

which the emittance of beam will remain almost constant/invariable.

Willows (5) and (6) it is evident that parameter of defocusing

- the low value, proportional to a relative change in the energy~e1e-g

-1{
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of ion on the clearance. The parameter of focusing , as this follows

from the diagram of the stanility Fig. 1, must be 5-10 times more.

This mains that the amplitude of quadrupole component must be in so

many once of more than the amplitude of axially symmetrical

component.

It is possible to show that the maximum strength of field

according to (1) within the cylinder of radius Rd is equal to maximum

radial component of the strength of field. Therefore the maximum

lntensity/strength of the field

EMU0 T- W R(216c) (7)

The maximum strength of field on the surface of real electrodes

with a radius of aperture of Rd can several times exceed estimation x

If we consider that there is a certain maximum strength of field

with which it is possible to virtually work, then dependence (7) sets

limitation on a radius of aperture and the permissible change in the

energy on one clearance. Numerical estimation according to (71) shows

that the focusing by HF juadrupole field is in prf.nciple attained. It

is nezessary to only find the structurally/constructurally acceptable

electt'odes, the strength of field on surface of which it would not

strongly exceed Astisation according to (7).

31
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A possible large change in the energy per the unit of length

dies not succeel in realizing in the cylindrical cavity, since in it

the 3ignificant part of the path particle must fly in the drift,

without interacting with accelerating field. So that would increase

the rat3 of acceleration, it is necessary to increase a number of

clearances on the cutting off PX. This can be made in the resonators,

in which phase displacement of voltages in the adjacent clearances

lass or is equal to r, for example, in H-rasonators. Only in such

cases in which the particle interacts with HF field on entire path in

the accelerator, it is possible to attain the high rate of

accaels.ation and large capacity of the focusing channel.

)

,)

.*1

- 4-
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4.2y

Fig. 1. Diagram of the zone of stability. 1 #.saonst; 2 - .aconst; 3

curve of state of particles.Z

4. Electrodes.

4 By the simplest version of the electrodes by which ire created

the necessary components of field, are drift tubes with the channel

of rectangular cross section f3, 4) (Fig. 1k, b). These electrodes

can be used in the accelerators with the low current and the low

speed of ions. They are of doubtless interest in the accelerator with

the combined focusing: alternating-phase and by IRF quadrupole (8].

A



DOC =80069301 PAGE

obtain the quadrupole componeat of field with the smaller strength of

field on surface of electrodes. These electrodes can be applied to

the higher speeds of ions, with then is reached the higher linearity

of the strength of field on a radius.
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of 1%. #,g~ iApM

C/4

I' 14'.o

Fig. 2. Forms of electrodes. a, b) with the rectangular channel; c)

electrodes with the "horns"; d, e) dual clearance; f) four-wire line.

fPge 9.

Both electrodes with the channel of rectangular cross section

and electrodes with the "horns" possess the specific symmetry in z

relative to the center of clearance; therefore they do not make it

possible to obtain necessary phase displacement between the axially

symmetrical and quadrupole components. If we introduce in the

V IN
,A],_
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clearances supplementary electrode with the intermediate potential

(Fig. 2d, e), then will be obtained so-called dual clearance [9). It

it is easy t3 make asymmetric relative to electrical center and to

attain the necessary phasing of the focusing component of field

furthermore,. in the dual clearance even more greatly descends the

strength of field on the surface of electrodes.

SpaciLically, dual clearance makes it possible to realize the

m ajor advantages of focusing by accelerating field.

If synchronous phase lies/rests at interval 20°<yC 370, then in

the optimum varsion of dual clearance the first half clearance is

I axially symmetrical (Fig. 2d) ( 7].

At the low speeds of ions and in large synchronous phase V> 370

the fields of separate clearances near the axis/axle overlap. In the

case of a FD-focusing in the resolution of the scalar potential by

which is described the field of many clearances, fundamental

component of quadrupole component does not depend on z. A field with

the scalar potential

U-0umon 2.1 m+p'%c2 (8)

can be utilized for focusing and accelerating the bean in the initial

part of accelerator [10, 11]. The electrodes, with the aid of which

_. I
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is created potential (8), are given in Fig. 2f. They form the

four-wire line whose adjacent conductors have a potential difference

*-Ucosuat. Bach of the conductors of line is body of revolution with

the radius of envelope, which depends on Iongitudinal coordinate.

This version of the focusing electrodes makes it possible to begin

acceleration from the very low speeds of ions, since the focusing

properties of uniform along the leagth of HF quadrupole field depend

neither on the phase nor on the speed of ion. The parameters of

focusing in this case

'44

where R - average distance from the axis/axle to the nearest point

of electrode.

5. Initial part of accelerator.

A reduction in the energy of injection into the linear

accelerator without the decrease of the intensity of beam is possible

only with a substantial change of the operating mode in the initial

part of the accelerator (NChU). So that the high charge density in

the clusters would not lead to the limitation of the accelerated

current, the sizes/dimensions of cluster (its length and radius) must

remain constant/invariable. The invariability of the length of

cluster is provided with satisfaction of three conditions:

'1.4

~?



- --

DOC - 80069301 PAGE

1) is retained along the length the frequency of the small

lougitudinal oscillations:

qS,,n - co.; (10)

2) is retained the extent of stability region, which occurs, if

Ic

3) the states of particles at the input of NChU evenly fill

entire stability region of axial motion, which to a certain degree is

provided with the aid of high-frequeacy denonochromator of beam.

The motion of synchronous particle in NChr is described by the

equalities

'\~WS~o 4te4np 0

1(12)

2 T 410, WOsw(-envy, 2t Swa

Here vs - synchronous phase at the input of NChU; - longitudinal

coordinate of the center of clearance.

Acceleration in NChU begins from the synchronous phases, close

to 900 . Therefore upon the acceleration of feeble beaus the

__
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coefficient of capture is close to 100o/o.

The emittance of bean in mChu grows/rises, but this does not

lead to the loss of particles.

6. H-resonator.

Ths structural basis of linear accelerator with HF focusing

compose different modifications of a H-resonator. An H-resonator we

named/called (12] such cavity resonators, in which is excited uniform

along the length magnetic flux with ths vector of magnetic intensity,

parallel to the axis/axle of accelerator. The simplest version of an

i j-resonator is given in Fig. 3. It is the single turn from the very

wide strip/file, placed into the screae. Maximum HF voltage acts on

the slot of turn. It does not depend on longitudinal coordinates. -

Accelerating electrodes alternately are connected up first to one,

then to another end/lead of the turn they distort the form of field

in the manner that this is necessary for the creation by that

' I focusing and that accelerating component.

'I I
* I

I!!

.Iq

I _ _ __ _ _ I
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51 P~no AA

(3) 81 'A GROSS5

Fig. 3. An i-resonator, Key: (1)e Cover/cap is taken/removed. (2).

on. (3). Oousing removed.

Page 10.

Dynodes are fastened to the legs which intersect turn according to

its diameter.

The working wavelength of an H-resonator in essence is

determined by an inside radius of turn RI

1.-2 cR, 1 -A \- 7 i-. (13)

Hers Bep - wiath of slot in the turn; C% - capacity/capacitance,
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created by drift tubes; Cw - shunt caoacity/capacitanca of the

equivalent diagram of the resonator

+ Xi (14)

Shunt resistance of the equivalent diagram of the resonator

i800scl(ki R0) X
R >

(15)

where :, - length of resonator; R8 - specific surface/skin ohmage.

-1/2For =opper R6=0,04. where X - wavelength in cm, 2R2 - diameter of

screen. Usually RL/Rz=0.6.

In comparison with the cylindrical cavity, which works on the

K same wave and with the same linear acceleration, an H-resonator is

3-4 times less in the diameter, in it it reserves itself almost by an

order less HP energy, and power loss in copper

approximately/exemplarily the sane; therefore an H-resonator does not

allow/assume largs capacitive load and in practice does not make it

possible to produce the acceleration of ions with the use of stored 1
energy.

In the well adjusted H-resonator the adjacent in the frequency A,

types of oscillations are sufficiently distant from the basis;

therefore the washing of resonator it does not cause any

difficulties. The construction/design of an H-resonator makes it

'

nn

,.... - l
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possible to easily suppress HF resonance electronic load by the

method af feed to the turn of bias voltage relative to container.

Small transverse sizes/dimensions, simplicity and

manufacturability of the entire accelerating system - basic

advantages of an H-rescnatoro

As has already been spoken, for the acceleration and the

focusing in NChU is applied a heterogeneous along the length

four-wire line, which represents too great a capacitive load for an

FI-resonator. Theretore in NChU is applied four-chamber resonator

I [101, which reminds by itself the greatly extended in length

rasonator of four-chamber magnetron or dual H-resonator.

Dual H-resonator (Fig. 4) consists of the the external of a

I I duct-screen and two ducts with the section/cut on the generatrix,

insertal in it. Ducts with the section/cut it is the resoundin9

)I turns. Magnetic flux in them is cophasal. Capacitive load create

electrodes "four-wire lines" (Fig. 2f).

As the illustration of the possibilities of focusing by HF

Il quadrupole field let us give the possible parameters of the linear

accelerator of protons [13]:I
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laorgy of injection..... 100 keV.

Output energy .... 30 keV.

Length of accelerator..... 30 n.

Dilaeter of vacuum container..... 41 cm.

Wavelength..... 2 n.

Normalized acceptance..... 1.6-3 mrad cn.

EF loss in copper of resonator..... 2.3 Mv.

Current protons per pulse ..... 250 mA.

The use/application of a focusing by HF quadrupole field isS I possible not only in the accelerator of protons, but also in the

accelerator of polyvalent ions.

;I

-- I . . ... . .. ............... ... .... . . . . _ . . . ." " . . . . . . . ..
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Fig. 4. DUal l-resonator.

Key: (1). on.
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Discussion.

-SK. jj--h. is plaaaad/glided the use of a high-frequency quadrupole

I focusing in the acting or projected/designad accelerators?

V. A. Teplyakov. Now we study in the! mock-ups all necessary technical

and technological questions and carry out first experiment in

acceleration. After accelerator with HP quadrupole focusing will be

A
- A-

3!

, 0
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investigated under laboratory conditions, it will be possible to

examine a question about use and use/application of this form of

accelerators.

A. N. Didenko. Was not exasiuad focusing by the high-frequency fields

of higher order?

V. A. Taplyakov. If I correctly understood a question, then he

requests herself, was not examined focusing by the fields of more

high degree of symmetry relative to transverse axes. Such fields are

proportional to a radius to the appropriate degree, and the potential

of field has components the proportional ones of the 6th and 8th

degree of a radius. These fields are very small, in any case they

will not have the term, linear on a radius. This 3eans that the bean

will couplete nonlinear transverse vibrations. we such fields did not
in detail examine, considering it their small.

B. I. Polyakov. To what energies it is expedient to utilize HP

quadrupole focusing?

V. A. Teplyazhov. HF focusing by quadrupole field can be used to any

energies, here there are no limitations. A question can be taised

otherwise: it is expedient whether to apply H-resonators to the very

high energies? At high energies to more expediently utilize the

'C
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resonators, which work on Y/2 - to wave for the purpose of

eliminating the sections of the drift where particle does not

interactV with the high-frequency field.

V. K. Beev. How does differ the rate of acceleration in the

accelerator about which you did report, from the rate the

accelerations in the accelerators in operation?

V. A. Teplyakov. In that project which we reported at the Yerevan

conference, the rate of acceleration was selected by the same as in

the linear accelerator (of Alvarezfs type) in Serpukhov.

Yu. D. Beznogikh. In the accelerator of Alvarez-Blyuett is assigned

sufficiently stringent requirement for the stability of the magnetic

focusing fields. In your system the transverse focusing field works

over a wide range of values. As you show, this situation does not

lead to au increase in the emittanca of beam. It is not possible

whether in connection with this to loweV requirement for stability of

* focusing fields in the accelerator of Alvarez-Blyuett?

V. A. Teplyakov. I enumerated conditions, with which the emittance 'of

beam will not grow/rise. These conditions are reduced to remove

7' parametric connection/communication between the motion in the

transverse direction and the motion lengthwise. This
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connaction/cmurnication in the first approximation, does not depend
a the amplitude of the focusing high-frequency field. As far as

otnshs are concerned magnetic guadrupolq y then there such a

connection/communication unavoidably exists, because the line of the
l

state of particles on the diagram of stability compulsorily the

secants of equal phase change of transverse vibrations, i.e.,

different in the phase particles have different phase change of

transversa vibrations. This effect is significant only at the very

baginning of accelerator. further phase oscillations strongly

attenuate, and parametric connection/communication of transverse and

axial motion decreases. If changes the amplitude of HF field, then it

decreases synchronous phase and capture region, and all particles of

cluster, although will complete the smaller longitudinal

oscillations, they will be as before located near the line of

permanent phase change. However, channel capacity with the redaction

of the amplitude of HF field somewhat decreases. Therefore with the

reduction of the amplitude of HF field we can lose the part of the

particles either due to the longitudinal or due to the transverse

motion, but not due to the increase of phase volume.

G. Kumpfert. Is there in the method of focusing about which you did

tall, the limitations, connected with the high currents (bean load,

connaction/communication of longitudinal and transverse vibrations,

I Coulomb limit)?
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V. A. raplyakov. Are prescribed/assigned two questions: about the

beam load ani about connection/comaunication of longitudinal and N

transverse motion in the presence of large space charge in the beam.

As far as beam load is concerned, then the resonators with low stored

energy, which it is proposed to utilize for the realization of

focusing HF accelerating field, actually/really they do not make it

possible to produce acceleration on the stored energy. For an example

I will give these numbers: the losses of HF power in the small

resonator are 30 kW. Accelerated in this resonator to the energy 2

MeV beam with current on the order of I ma consumes 20 kW. For

accelerating the beam in several ten or hundreds of milliamperes it

is necessary to introduce additionally power. Therefore HF generator

must feed tha power, sufficient for accelerating the beam.

W iith the large space charge certainly will arise the additional

constraint of transverse motion with the longitudinal. It is most

dangerous in the initial part of the accelerator. Therefore we try to

make length Df clusters sufficiently large in order to decrease this

connaction/communication. virtually we begin acceleration from the

almost steady beam. The longitudinal component of field from the

space charge-in tha-beginning there is no acceleration.,And only when

energy of particles sufficiently will increase (order 1 NeV) . it is
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possible already to speak about thie existence of clusters and about

conaection/cmmunication of longitudinal and transverse motion. With

such binding energy will be of the same order as in usual

accelerator, and will lead it to the same effects of the increase of

phase volume.

Page 12.

86..Speiall Eeatures/peculiarities of the dynamics of beam in the

circular F-N cyclotron in the absence of the similarity of guiding

field.

V.,Io.,Kinunnikov, A. A. Kolomenskiy, V.A. Papadichev.

(Physic-al institut3 i. P. M..Lebedev of the AS USSR).

The circular F- cyclotron, for the first time proposed in r1]

as is known, it makes it possible to accelerate particles over a wide

range of energies in the limits of a comparatively annulus of

magnetic system. The constancy of magnetic field in the time

contributes to obtaining high average/mean intensity and good

time/temporary structure of beam. As examples let us point out to the

possibility of obtaining the quasi-continuous electron beams of

T i medium energies upon the inductive acceleration ("betatron with the
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stationary guiling field", see, for example, (2]) and to the

prospects of developing the proton circular F-M cyclotrons to the

high energies with superconducting coil electromagnet r3, 4].

Ia order upon the acceleration in the strongly nonlinear field,

which grows on a radius into ten and hundreds of times, to avoid

dangerous resonances, it is necessary that the frequencies of the

betatron of particles q.Q little would change with a radius; in

the ideal case of the so-called dynamic similarity of orbits the

frequencies must remain unchanged in the entire operating region of

accelerator. As it was shown [5], for satisfaction of this condition

it is sufficient geometric similarity of the shape of orbits and

constancy of tield index n, which in turn, leads to the requirement

of the identity of azimuthal field distribution on all radii. This

means that the closed orbits of particles with different

inpulse/omentum/pulse differ only in terns of scale by a radius, and

variable/alternating the dependence of magnetic field on a radius and

an azimuth are divided:
{ n as

This requirement, however, too strong and is not necessary, since

there is a broad class of fields, which ensure dynamic similarity.

Numerical integration on the computers of equations of motion for the
distributions of the magnetic field of the form

iI



DOC =80069301 PAGE

n
10) )CO k NO (2)

showed that scaling of betatron frequency it is possible to achieve

by many methods. For example, Fig..1 show two strongly differing

forms of field, for which computed values of frequencies are

identical AQ<-0.01. The dependence of the harmonics of field on a

radius is shown in Fig. 2. From the calculations it follows that for

guaranteeing the dynamic similarity is sufficient to maintain

constant proportions of azimuthal average of field fo to the

fundamental harmonic f, of the azimuthal distribution of magnetic
field and indices non, for taem. The values of the higher harmonics

and thmir gradients on a radius weakly change frequencies. For

example, for the parameters, close to the operating point of a

radial-sector electronic circular P-M cyclotron (KF) of the Lebedev

physics inst. (N=20, n=16, fo/fl--0.1, detailed description see r6])

harmonics (k>1), which satisfy condition f/* * 0.06 *0,07, it is possible

not to consider, but when Ij5-O.3 O0 4 their effect it is possible to

comp-nsite f r by change f0/fL and no, nj with a radius. In general

the requirement of constancy fe/f1 and no, nj is not necessary;

however, fee/pay/board for the failure of this constancy can be the

complication of the form of field.

JI34,

V

1:
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rig. 1. Fig. 2.

Fig. I. Exampla of two dependences of field, for which particles of

betatron oscillations are identical:

I - H, -- 1. )C(o,09 + Cog No + 0,3 Coe3
+ ,3cs ~)]~-'~-H 0,09 (.1)16+ %- )'6COt*

- 028 3t*O4~~ eo5HOI.In, botaL cases N - 20, ' 5,8 1, Q~-2,76

Fig. 2. Dependence of harmonics of field H2, given in Fig. 1 (curvep
2) on radius. It is evident that within the limits of the vve-like

shape of orbit ( -t+1, ca) ft decreasas 1.4 times, and remaining

harmonics increase 1.6 times.

Page 13.

Su--k approach to the guarantee of dynamic similarity expands tL3

class of magnetic fields, suitable for the acceleration it allows,

I

1 -4

! i_ _
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for example, luring the production to simplify pole-piece

configuration. Specifically, this was used for shaping of the

magnetic field of circular F-A cyclotron the Lebedav physics inst.

As is known, in the region of the low and average/mean values of

magnetiz intensity it is formed/shaped with the method, which ensures

a precise similarity. It lies in the fact that all essential

sizes/dimensions of magnet (vertical and azimuthal clearances, width

of sector) vary in proportiom to to a radius, and an increase in the

field is reached due to distributed windings. In the high-field

ragion this method of shaping is unsuitable, since it leads to an

excessive increase in the ampere turns of power of magnet power

supply. Therefore necessary field pattern here (in KF the Lebedev

physics inst. in the region 150 cut at i160c) it Is necessary to

obtain by the shaping of poles. In order to satisfy the condition of
similarity and in this case, it was necessary to expect and to

prepare the pole of intricate shape, with variable/alternating camber

in b',th sections - azimuthal and radial. However, in practice it is

necessary to considarably deviates from the calculated form of poles,

in particular, to decrease their extent along the azimuth for the

arrangement/position between the units of the magnet of theI accelerating devices/equipment and for reducing the leakage fluxes.

* This last goal it serves and the location of the cnrrent carrying

v conductors is radial at the edge of pole. The existing methods of

-i- SI

=.- -



DOC =80069301 PAGE

calculation of the form of pole (for example, [7]) become in this

case badly/poorly applicable and do not make it possible to

rate/estimate the permissible error.

For calculating the form of field and poles in our case was used

adequata -to task the method, based on zonformal mapping and which

makes it possible also consider the effects of the conductors with

the current, located near operating region of magnet [8 I.For

obtaining field distribution, providing assigned values , is

varied the width of pole in positive and negative sector..The

ivertical clearance between the shaped poles i made decreasing

according to the law " , and the lateral surfaces of poles have plane

sheac/sections (Fig. 3) (i.e..the width of pole depends on a radius

linearly). The prescribed/assigned values of frequencies can be

obtained on two selected radii, on the calculated ones and on

I, intermediate radii. Accelerator IF can work in any of two cells:

, ! u'- 5,8, Q 2,4 (?019,m 0,09) and Q.- 5,8, Q uio8 (f," 0,i1). The calculation of

poles is produced for the intermediate position of operating point

(fo/fg--0.11, and the available corrective windings make it possible

to change by several percentages the level of field in the region of

poles and thereby to regulate the position of operating point by a

change in ratio f 0 /f 1 .

The calculited form of poles was first checked in the magnetic

If

*1 ...
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:measureents to fur spare uits KV, established/-istalled on the

special measuriag banch and conn~cted in series in the power-supply

system of acel-rator. Then these results were confirmed in the

measurements of field and frequencies Q .& in the accelerator. Fig.
!N

4 shows seusured field distributions (coinciding with the calculation]]
with error 6 0.0o/o) on two radii: -&- 137 cm (the middle part of the

ragion of a similar field) and • = 161 cm (boundary of operating region

of the shaped pole). Fig. 5 shovs the motion of operating point in

the process 3f acceleration according to the measurement data with

the beam. It is evident that within the limits of the significant

part of the shaped pole changes of the frequencies are small (when

151 CM 4 159 Cm QL = 5,63 LO.02; Q% 18 + 0.02); they it is less than the

displacement of operating point in the limits of entire operating

region Iue to the effect of different factors (edge effect;

transition region from the distributed windings to the poles where

the zalcalation is hindered/hampered; a difference in the geometry of

conductort with the current, the error for the absolute values of

coil currents, etc.).

During May 1969 during the starting/launching of KF with the

desrLibed shaped poles was obtained the acceleration to £10 HeV at the

intensity more than 1011 electrons/s and to repetition frequency 50

9z. &s showed magnetic measurements, induction on a maximum radius of

V 159.5 cm can be increased to 6 kg which corresponds to maximum energy

iig

42r
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of baim -50 SV. In this case the saturitions of framework does not

occur, and furthar increase in the fiell is limited to power-supply

system.,

j I-

II

:I

tA

A I2
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Fig 3. rigo 4.

! Fig. 1. Shaped of pole of circular F-M cyclotron Lbedev physics

inst.. (schematic figure).

,!A

,!"iFig. .. Msasural lapendences of field on azimuth in circular F-M
cyclotron of Lbadev physics inst. 1 - corresponds to the region of

distributed winlings ( '7- 137 ca) ; 2 - region of shaped pole( -v- 161
a). Th3 amplitudes of higher harmonies +k (k-2, 3, 4' 51 lie/rest

within the limits -0.09 f /+ 0.0

~Page 14.

I
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Therafora is possible an increase in the maximum energy by by

10-15o/o more shimmering of poles in positive units for the

componsition for tha radial edge effect, which decreases fa/f1 on the

terminal radii.

:I.

1 4

-- I .

=--'3
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f 47

Fig. 5. Changa of the frequencies of the betatron In1 the process of

acceleration.
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87. Investigation of the longitudinal instability of beas in the

accumulator/storage under the effect of the resonances of synchrotron

oscillations.

S. G. Kononenko, L. D. Lobzov, L. V. Reprintsev, A. f. Shenderovich.

(Physiotechnical institute of As aXSSR).

This work is dedicated to the investigation of the effects,

which appear during joint action of the induced voltage and

resonances of synchrotron oscillations.. This question is not examined

in the literature, although to the investigation of the longitudinal

instability and to the resonances of synchrotron oscillations

separately are devoted many works..

Measurements are carried out on the accumulator/storage of

electrons \vith the energy 70 Mey of FTI of AS UkSSR (1]. The

full/total/complete block diagram of measuring equipment is shown in

Fig. 1. For exciting the instability is used the special passive

resonator whose characteristics mere.thoroughly measured 1°

FOOTWOrZ 1. As showed special theoretical studies, in the majority of



7 7 --

DOC = 80069301 PAGE

the practical cases physical processes in the system beam - passive

resonator and beam - active resonator were identical. ENDFOOTNOTE.

The same resonator was utilized also for recording the coherent

synchrotron oscillations with the emergence of instability.

Tha results of the measurements of thresholds of instability in

the absence of resonance disturbances/perturbations are given on Fig.

2. For the comparison the same figure gives the theoretical threshold

values, calculated with the aid of the results of work [2]. From the

figure one can see that on the larger segment of a curve is a good

agreement of theory with the experiment, however, with small detuning

from the resonance is observed essential difference. This difference

especially one can see well in Fig. 3, where is constructed the

contribution of Landau damping ia the dependence on the detuning.
Here experimental curve has clearly expressed maximum which is absent

from the theoretical curve., Apparently, it is necessary to consider

that the theory gives the incorrect valuGs of threshold currents with

small detunings.

as showed measurements, daring ths excitation of the resonances

of synchrotron oscillations is observed the depression of the

longitudinal instability.
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Page 15.

effective depression occurs in the narrow band of frequencies of the

resonance disturbance/perturbation smaller than the width of

resonance, moreover in the case of parametric resonance this band

substantially is narrower than in the case of external resonance. The

results of measuring the thresholds of instability depending on the

force of resonance disturbances/perturbations and value of

accelerating voltage for the cases of external and parametric

resonances are given respectively on Fig$ 4 and 5. From the figures

it is evident that already with the very low amounts of disturbance

strength is observed the effective depression of instability (into

dozens of times on the threshold).. In this case strength of resonance

is so small that resonance oscillations of beam are not observed.

Maximum values in of the curves of Fiv 4 and 5 are equal to

approximately/exemplarily 50..Experimentally was observed the

depression of instability, also, with the high currents. However,

with I", that exceed .3n, into hundreds of times, instability

completely is not suppressed.,In this case are observed the

oscillations of the type of the play, a precise interpretation of

character of which was not conducted.
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Fig. 1. Fig. 2.

-A

SFig. 1. Block diagram of equipment, used in experiment in ID'
I investigation of longitudinal instability: I - passive resonator,

adjusted for 2nd harmonic of frequen cy of revolution -1014.5 LIHz; 2 -

accelerating gap; 3 - meter of accumulated current

(pick-wp-electrodefl : - window for output of synchrotron radiation;

5 - superhetarolyns receiver; 6 - IN discriminator; 7 - selective

amplifier; 8 - oscillograph; 9 - lOP; 10 - dissector for measuring

longitudinal sizes/dimensions of beam; 11 - high-frequency oscillator

of accelerating voltage (frequency 52, 25 NHz); 12 - modulator for

excitin; resonances of synchrotron oscillations; 13 - dissector for

It uasuriig the transverse sizes/dimensions of beam; 1iS - television
unit; 15 - meter of the accumulated current (photomultiplier).

Fig. 2. Dependence of threshold of instability on detuning relative

' to resonance with value of accelerating voltage 100 : 1 -

?)X,

7I

I _a
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theoretical curve without taking into acount Landau damping; 2 -

theoratical curve taking into account Landau damping; 3 -

experimental curve.

" Key: (1). kilz.

II

"2

-}
4

j! -
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Pig. 3. Pig. a.

Pig. 3. Dependence of contribution of Landau damping (ratio of real

i threshold curr.ant to his computed value without taking into account

Landa damping) on detuning with value of accelerating voltage 100

IV

Unbroken curves - theoretical results, broken - experimental

~results.

Key: (I1. k~z../

I Fig..'a. Dependence of threshold of instability on listurbance

strength in the presence of external resonance of synchrotron

oscil~iations'with different value of accelerating voltage. Along the

axis of abscissas are deposited/postponed the values of the index of

' frequency modulation, aloag the axis of ordinates - ratio of ,

'i,' threshold curreat to its value in the absence of resonance

Key: (1). in. (2). Index of frequency modulation.

'12
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ig. 5. Dependence of the threshold of instability on disturbance

streagth in the presence of the parametric resonance of synchrotron

oscillations for three values of accelerating voltage. Along the axis

of abscissas is deposited/postponed the depth of the amplitude

modulation of accelerating voltage (equal to strength of resonance).

Key: (1. Depth of amplitude modulation.

Page 16.
A

Was experimentally observed also the depression of the

longitudinal instability into dozens of tines with the aid of

synchro-betatron resonance near the resonance of vertical betatron

oscillations - .

For the theoretical comprehension of the obtained results let us
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examine the eqtiation of synchrotron oscillations during joint action

of the induced voltage and paraaetric resonance of synchrotron

oscillations. We will be restricted to the case whea oscillations in

the resonator significantly attenuate during the period of

synchrotron oscillations. In this case, as it follows from the

results of work (3], the equation of synchrotron oscillations in the

cubic approximation/approach takes the form

U '2 Q2 c 2 3

+%a 7coS(

wheB q - amplitude; v - frequency of parametric

disturbance/perturbation; - increment of instability; -

decrearnt of radiation daaping; vg - synchronous phase; g -

frequsncy of synchrotron oscillations; differentiation is conducted

I on dimefsionlass tine "Bt; WS _ the frequency of revolution of

synchronous particle.

*.] Designating

>112
&-me~2 ; I-A+T,-2m ,*4

(2)

we will obtaia how asually ([4]), the following shortened equations:

e+U (.' cO L rl,1a . ft0'.4" - 4'= I 3

gan 2

I'S-%c+ s~ f y T
V=Vr. (3
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From formula (3) it follows that with executing of inequality

4Ij-t-%a1 there are steady-stats solutions:

ouoon00tm\ 2A± is-W
g2s

Scost._ Q_ )  (4)

SL"rr.ovnst
moreovsr stable are the solutions with aosvq<O that corresponds to

positive sign under the root.

I ~rom formula (4) it follows that with the the strong instability

S({ - ) g) or, on the contrary, with strong stability (t- -O; 4( -I,jQ)

the resonance phenomena do not becowe apparent- Let us examine now,

can arise the raverse situation, when resonance suppresses

instability. For this purpose we analyze the equation of cubic

approximation/approach for small divergences from steady-state

solutios $-a-a., which, as it is easy to shov, takes the fcm:

I2 + fie . (5)

From equation (5) it follows that occurs the following

depeadence of frequency on the amplitude:
2

16 ' ' ,)" 2 oVo0. (6)

i I
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if the size/aimension of beam on the phase is equal to 260, then

greatest amplitude 6.=-Aq. Consequently, synchrotron oscillation in

the presence of the resonance consists of oscillation with frequency

v/2 and oscillations with the frequencies from v/2*. to + l-W+ A

(where 6Q - scatter of natural frequencies in the bean, AQ-2aif). The

full/total/coaplete scatter of frequencies of the synchrotron, which

determines the affect of Landau damping on the threshold of

instability, is equal to 2aw.Af. In the absence of resonance this

scatter is equal to simply AQ..Zt is easy to see that with

satisfaction of the condition

as -Qc 3(7)

thera will be 24w>>69, i.e., in the presence of the resonance the

scatter of frequencies and, consequently, also contribution Landau

dampings strongly increases. :1
'I -

Thus, the observed effect of the depression of the longitudinal

instability is experimentally explained by ar :ncrease in the

nonlinearity of synchrctrou oscillations in the presence of the

resonances and as consequence this by an increase of tha scatter of

frequencies in the beam and by the aplification of the action of

Landau damping. Since with the the small ao derivative d is great
dAW (when n,-O; -ms). the effective depression of instability must

occur in the narrow frequency band, that also was observed
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experimentally. In the case of external resonance are obtained

anal~goes results, but since in this case m has substantially

smaller value, then the range of effective depression must be

somewhat wider.
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Discassion.

X. 1. Kolomna. Oxtornal resonances are excitd simultaneously with

the parametric ones. You did share them someov?

A. 1. Shendecovich. This not entirely thus. In the case of betatron

oscillations this is actual/real thus. For the synchrotron

oscillations external resonances are excited only on the odd

harnonias, and parametric - only on the even ones. Therefore here

thera is a separation.

A. N. Didenko. In what relationship/ratio were located between

theM3SelVs the frequency of revolution of particles and the natural

frequwicy of passive resonance?
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A. H. Y3enderovich. These measureaents were done as follows. The

multiplicity of ac-cleration was 1, i.e., we accelerated on the

fundiafntal harmonic of frequency of revolution. But the resonator,
I which excited imstabt.lity, was adjusted to the second harmonic.

II

Ilr, I
~ 'II,
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89. INVESTIGATIONS OF THE PASSA6E OF PARAMETRIC RESONANCE IN THE IFVE

ACCELERATOR.

Y1i. M. Ado, V. 1. 3albqxov, K. P. iomov, E. A. -4ya,.

I (Institute of high-enirgy ?nysics).

Eirlier it was establxshea/installed rl], that on the proton

synchrotron of IFVE at tnn int=asizy of the accslerated beam of 1012

protwn/palse and above occur tn pniznomina, connected with the e.ffect

of th4 nroper field of Deam. First of all this leads to the

displaceaent of betatron frequencies into the region half integral

rsonanco and, thus, tc the imltaion of the intensity of

accelerator. Therefore increase ia the number of injected particles

in hijher than certain limit does not give a proportional increnment

in th . intensity of the accelratacl beam.

Thr3 is a series/row of tne works (for example, soe [2-6)), in

wain it is indica,.sd the poss..Dility of the passage of paramatr2ic

1i
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resonance under the conaition or tne proper correction of resonance 4
band. it is :ominun.icated biloi auoat thB investigations on the originJI
half integral resonance 2Q=19, conuucted on the accelerator of IFVE

CaLculations show 4] -naz tna "natural" intersection of

rsonbnz?, caused by the CulomD snift/shear of betatron faquencies,

must not. lead to the lcsses of particles, if its half-width

P1* 0,5.10 4 (hera and thrzv ,nou; tney ar a utilized the designations,

acceotel in £81). Accoraing to tne data of magnetic measurements, for

thr- accelrator of IFVE upoa injection IP.hIM5.10. For weakening of

ths action of resonances was czeat=d the system of correction the

i opera-ting principle of whicn was presented in £9]. In contrast to the

syst-ms, utilized for tne same target on other accelerators £5, 6],

the system corrects not tne harmonic of gradient, but it is direct

width of resonance band:

2S

The use/appl.ication cf zh;s systoia in the accelerators with

altrnating gralisnt is more axped.iznt, since besides the fundamental J

hrmoni of disturbance/peruration k=2Q the considerable (-300 we

corionibtn to width of and of rsonnc the harmonics M+-k, where

M - number of elemants/celis or periodicity. Corrections only of 19th

NI
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harmonic doss not allow. in oar cdse to lc-craas? by an ordn: r

simultaneously of value 1Pll aad ]%1.

FOOTNOTE 1. If in one cycle ian-rsect both resonances, 2Q.,k and Imk,

i then tha total resonance Q*QI-k intersects also. For its suppression

is nacpssary th? correction ot zna components of magnetic field, that

lead to the coupling of oscillations. ENDFOOTNOTE.

For purposes of correction werz utilized the supplem-entary

twindings of the blocks/moauies/units of electromagnet [10],

seria.s-zonnec:ei into four cixcuits and supplied by dir.ct current

from the independent sources. Tn connection diagram is given in the

table.[

A quantity of turns is seiectd in such a way that control p

and P, occurs independently. This substantially facilitates the

selection of the currents or correction experimentally. The

realization of the separate controL P is possible during the use the

minimum of three blocks/modules/uaats in each circuit. The

symmetrical inclusion/connection of three blocks/modules/units on

opposite side of accelerator wita the field of opposite sign is

necessary, since the supplementary windings create identical

additions both to the gradiant and to the field: A3/G=AH/H. In the

indicated diagram are not xcitca ven harmonics and, in particular,
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most langerous for the e:qulinrium orbit 10th harmonic of field. Are

equal to zero also total ami, aimed in the circuit with a change in

the basic magnetic field.

As show calculaticn, sensitivity of each circuit -0.02-1-. The

addition into the width of resonaace in other direction in this case

is approximately/exSmolarily 100 times less.

Tha adjustment of tna system of correction indicated was

conducted in the greatest intensity of the accelerated beam. The

dependence of intensity on a numoer of injected protons with the

correction and without it is jiven in Fig. 1. The control of a number

of injected particles was accom lished/realized with the aid of the

grids without a change in tne gaase volume of beam. During the

introduction to the correction of the width of resonance the

intensity increases in spite of certain deterioration in the

parame.ter; of -quilibrium orbit. Orbit distortions in the radial
, j

direction increase with +-1.5 cm to +-(2-2.5) cm due to the odd

harmonics of field and cannot De simply corrected due to the absence

of the circuits of the correction of th _ 9th and 11th of the

harmonics of fie.ld [10]. The correction of parametric resonance leads

also to the expansion cf the domain of existence of the accelerated

beam on the diagram of the staoility of betatron oscillations.

-0
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KoppeKUx 1-9N 10112 77

PK 2-fl Aen1 40 42 47 I00 102 107

BHTK0B

,n 2 7 9 62 67 69

(1 nKV~I32 3739 92 97 99
* Koppeuis 4-Al uet

P3 lc ~ 1 9 131 46 -19 -13 -46
_IT 1 I I .. .

Note. Negative number ot zurns - contrary start of winding.

Key: (1). Correction. (2). diocxs/odules/units of ... circuit. (3).

Number of turns.

Page 18.

The ::emoval/taking diagrams 4as conducted employing procedure,

anal)gous that described in £11], in the connected system of the

'';corraction of the widthd of rasonance and without it. A change in th -

operating point was conducted witn the aid of the direct currents in

the system of the correction of rnz gradient of magnetic fisld.

Intensity was measured 200 ms after the injection when the effect of

I the -urrents of the correction of gradient could be

disragarded/nag!ectid. Dagrams in coordinates Q-,,Qa are given in

Fig. 2. In the first case (Fig. 2a) the correction of the width of

resonance was not conducted. dence it is apparent that the domain of

44-
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existenze of beam is limita DI D ajion9.5 , ,jO. The case of optimum

correction is shown in Fig. 2u. As a result of the fact that the

shift/shear of betatron frejuency in - the direction is less

significant, Q, does not ajproacn close to value of 9.5; thar-fore

value P& proved to be not cozzecmed. For z - direction an avilently

clear different: . in the ca6s (Fig. 2a, b). in the first case (Fig.

v 2a) sntire beam is lost on zna resonance during the natural

displacement of the operating Voint through value Q, 9,5. in the I
s3cond case (Fig. 2b) tne parz of the b-am passes parametric

rasonanze. The dzpendence of inteasity from the distance of operating

point upon the injection to resonance C- 9,5 is shown in Fig. 3; it

is Pviiant that the passayc of rasonance is accompanied by an

increase in the intensity.

Parametric resonance passed also Juring the artificial rapid :-);
displacement of the operating point of the accelerator through value

QI 9,5. For this into the systaa of the correction of gradi-4nt was

supplied the current pulse in tne form of half sinusoid with the

duration in basis/base 7 ms. Wita.La the pulse action timq resonance

conditions set in twice. Tne spaed of the passage of resonance

comprised d'0 0.1 .The oscilLograms, which show a change in the

-intensity of beam when current pulse is present, and without it, are

given in Fig. 4. Opqrating point was establish-d/installed both above

and lower than value Q- 9.5. Eacn passage of resonance is accompanied

0-

-- _, + :+ + ,- +
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by loss (10-15)o/o of beam and is aot very susceptible/critical to

the adjustmpnt of the systsm of ta cocrection of rescnance, in

contrast to the "natural", slower speed of passage (Fig. 3), where

adjustment conditions are more susceptible/critical and losses are

morS considerable (-50 Qb)

Thus :stablishid/iasalld, waich on the accelerator of IFVE is

possible to substantially attczease the width of parametric resonance

with th: aid of the developed system of correction. The realization

of corr3ction leads to an increase in the intensity; however,

corr-ction is not full/toal/complate (see Fig. 1).

'I

.1

ii
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Fig. 1. The dependence of the inteusity of the accelerated beam on a

numb_ of partic! s of tnosa an3ac';d into accelerator chamber: 1 -

the system of. the corrpctioa oz pazametric resonance is not ,ii'

~connected; 2 -corraction are connected. 4

Io I
I I-
I I,
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Page 19.

The r-eason for this can consist in the fact that the

n/ ccion of correction is accompanied by certain

deterioration in thq orbitai aramet~rs, can play role other

resonances (for example, Q* =ie) and also the fact that the

correction was accomplishad/raaizizd on the direct current.

Investigations in this dirdct-Lon ii! ba continued.

Th. authors ara grateful to zne shift chiefs of accelerator and

to personnel of the systems ot correction for tIe aid in the work and

to V. P. Sidorova for the formulation of illustrative material.

U
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Pig. 3. Intensiti3s of the dcceierdtsd beau dep~nding on distance

upon the injection tc patametric rasona ace Q 9.5
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Fig. 4. Oscillog;:ams of inteansiLty of accelerated baam for position of

orkiaq point t oment of injection Q.- 9,85 and Q- 0.6eo. Scanning/sweep

1 Ms/cM, sensitivity -5.10L0 ca31 .

a - natural change in intensity; b - change in intensity writh
artificial aiouble passage of resonance .The marker on the

osci).logr&ki every 5 ms after injection corresponds to the moment of

A cu.rrent 'U*LSe feed Lnto the gradient system.
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Discussion.

V. V. Tsygankov. rw was conduczed :rbital correction maneuver?

E. A. 3iyae. The adjustment of the~ systems of correction can be

accomplished/realizid cnly according to the data about the beam,

since magnetic field we do not. xnow with such precision/accuracy so

as to knowingly establisli/Install the calculated corrective values of

currenits. The adjustmenzc oz tne systems of correction is

accomplished/re-alized during tne work of taie accelerator with the aid

of two regulators before obtai.ning of maximum intensity, Idjustment

to tha maximum intsnsity was outaiaed each time with one and the same
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currents of correction. This erfect can be axplained by the

contraction of tha band ci parametric r-sonance.

G. Kuampfort. Do utilize you as zna critprion of th- passage of

* resonance intensity of partic.es or you do use instruments for

measuring th= profile/airfoil oi oeam? The fact is thaz an incre.ase

in th: .mittanc- of thp cizcuiatin beam can lead :o th. series/row

of undesirable effects (for example, with output!), but not only to

the l3sses of particles on tna walls of chamber.

S. A. Myae. T3 measure inconerent Coulomb frequency shift of betatron

oscillations is very difficulc, ana we it, naturally, did not

measure. The fact of passage or aoapassage of resonanc_ was

established/installed indirectly according to the data, which I gave.

In our case, since the passag3 is not full/total/comple.te, emittancs,

probably increas s. But we nope that with the supplementary measures

which we intand to accept, with even the more careful correction of

rssonance band, it is possiole, with the sufficiently rapid passage

of resonance, to almost completely remove the increase of the

_mittance of beam.

K. Raykh. Th7 forc.s of space cnarge displace Q on the diagram of

frequencies on the straight Iiae tae angle of slope of which depends
oo
on beam shape. Do plan/yllcld you to correct the fo~bidien band on the

.)/
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19th harmonic?

E. A. M1yae. In the beginniag oz report I spoke that tha crseated

system makes it possible to produce the independent control of the

width of" rpsonanco on z aad on r. 1 -4xplained, why proved to be

uncorrectad resonance widzn on r. We adjusted the system of

correction on the maximum oz intensity. Frequency shift in

z-d-rection according to our caiculations is two times mor5e strongI

than in r-dir: ction; tbereiora p~roved to be compensated band on z.

Concarning correPction ana zasonanca on r, -*hen in our possession

later data make it poss±DJle to nope that let us be able to correct it

also.
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Page 20.

89, ANALYSIS OF STABILITY OF A CLOSED PROTON BEAN IN IONIZED RESIDUAL

GAS.

SI G. I. Dimov, V. G. Shamovsky, V. ie. Chupriyanov.

(Institute of nuclear physics of So AN USSR [ CO AH CCCE - Siberian

Department of thP Academy of Sciaaces of the USSR]).

For the d=termination of the conditions for space-charge

neutralization in the accalerators by us is studied tha effect of

secondary charged/loaded particles on the beam of the circulating

protons.

I
Experiments are conaductead on the circular lealing path/track

with the magnetostatic field. Tne mean radius of orbit 100 cm, is

,* working section 5x3.5 cm2 . Patia/track has 4 straight sections, the

lngth of which 2.5 times of more than radius of curvature in the

rotary magnets is 100 cm. The introduction of long gaps/intarvals

made it possible to avoid to tne weakly-focusing field of the

long tudinal instability of tne type of "negative mass' and

facilitates uha arrangement/posa.;on of functional and monitors. With

-7N
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the aid of the corrective windings it is possible to change over wide

limits of frequancy of Detatron. oe sel.cted operating point with

frequencies 1 1W and 4s - 08. in this case the bulk factor of orbits

a composes 0.5. The values indicated ware measured directly on the

circulating be-am. The injection of protons to the path/track is

conductied by r=charging mzznod C 11. Time of injection to 1 ms,

current of injection to 1 mA. Energy of protons 1 MeV. The ionizing

losses of the circulating protons in charge-exchange target and on

thr residual gas can be ci cpensatad by the vortex/eddy electric

field, concntrated in th, clearance. Vortex field is induced by the

iron core, which covers one of szrdight sections. A maximum change of

thq magnetic flux in the induction core is 300 volts for the

millis-cond. Electric power supply is conducted from the vacuum-tube

modulator, which makes it possibia to easily regulate the

temporary/time character or tne compensating stress/voltage.

Storage path/track is equipped by the system of puller

electroles for the removal/distance from the proton beam of secondary

particlas all over orbit circumerence. Is provided for the

possibility of the disconnection or extraction voltage for the time

of -1 ps simultaneously on all electrodes. The geometry of the system

of puller electrodes is selected from the condition of the minimum

effect of extraction voltage on tna motion of proton beam. Thus,

V freqaency shift of the beuteron oscillations upon the inclusion of

I
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extraction voltage in 2 kV doas noz sxceed 0.01. The masurement cf
the current of the circulatang protons is made by Rogowski loop and

by electronic collector/receptacle £2]. Observation of coherent

oscillations of beam is conaucted with the aid of the system of

induction electrodes with the passnand to 200 4Hz. The potential of

proton beam is determined on tne spectrum of the large ions, which

emerga from the beam acrcss magnatic field ( 3]. Position,

sizes/dimensions and distrizuticn of tho losses of proton beam are

observed with the aid of t.ne movabie sensors of magnetization of

se4condary electron ?mission. Fig. I depicts the schematic of storage

path/track.

The analysis of the accumulation of protons showed that the

character of the behavior of proton beam on the path/track, stability

and maximum accumulated curzenz depend substantially on the pressure

of risidual gas in the chdwoer/camera, and in certain cases and from

the type of gas.

At an average/mean residual/remanent pressure in the

chambar/camera to 4.6*10 ° s the torus and removal/distance from the

orbit of all secondary particles the number of protons on the
path/track is limited to value -1.7-1011, which by order of value

corresponds to the shift/shear of operating point to resonance 4Ie3f.

The potential of the spaca charge of beam, measured according to the

41
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spectrum of large ions, ia this case has a value 300 V.

The rapid Jisconnection ot extraction voltage leads to the

davelopment of intense Douncing, wnich sharply inczeases the losses

of protons in the vertical liae and is decreased proton current by

the path/track (Fig. 2).

The frequency spectrum or tne oscillations (Fig. 3) diepends on

full current on ch!. patn/mracK dfd with a number of particles

-1.5*1011 lies/rests in tne range 30-50 MHz (14-25 modes of

vibration), and with a numner -1.7.10,' - in the band 10-30 MHz (4-14

modes)

The threshold of the dcvalopmant of this instability depends on

the energy spread of the circulating beam and with the spread 5.10-3I compris :vs 0.91-10of

Page 21.

At the pressure of residual gas in tha chamber/camera, which

exceeds certain critical, wnicn depends on the type of gas, the

behavior and the instability oi tne circulating beam qualitatively

are changed. With the ccnnected extraction voltage, on the

achievement on the path/track of certain threshold quantity of

?t
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current, is develope2d intanse conertnt bouncing on the zero mode

(frequency of 1.42 MHz) . Tne turesaold of the development of this

instability and its incremnt depeand on residual/remanent pressure in

the chamber/camera and type or gas (F'g. 4). Increment with the

sufficiently good degree or accuracy is proportional to theA
ionization cross section of rasiaual gas by protons, density of

residual gas and monotonically it yrows/rises with an increase in its

molecular weight.

After the disconnection ot extraction voltage coherent

oscilla ' ns of proton beam on tne zero moda attenuate for the time

of 5 Ms.

Further behavior of oeam again depends oil density and type of

gas in the chamber/camera. There is a second critical pressure of

r-.sidual gas, which is aezcrmined by certain critical speed of the

formation of large ions, whicn does not depend on the type of gas.

Critical current of the being born in the entire chamber/camera ions[i is approximataly/exemplariiy aqual to the orbital proton current.

I-9
a

g ,
![I
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4I

Fig. ,. Schematic of storage path/track. 1 - charge-exchange target;

2 - pull r electrod-s, 3 - proue oi th vqrtical position of beam; 4

- testers of tha radial position oi beam; 5 - electronic

collector/recaptaclR; 6 - Rogowski loop; 7 - induction lactrodes; 8

- betatron cors; 9 - faraday cylinaer; 10- buffer volume; 11 -

r , , rotary magnet.

4;1

' I
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* F;g.2. Current of %rotons on pdtan/track (a), rectified signal from

induction electrodes of vrticdl position of beam (b), stress/voltage

on extracting plates (c). On the horizontal 100 ps/div.

(I)

41

1ig. 3. Spectrum of signal rron xnduction qlectrodes of vertical

position of beam. a - N=1.7*10 * o1 particles; b - N=1.5*10''

particles.

, .
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Key: (1), Amplitude (in raiatave uaits). (2). iHz.

I -10

.7 4L7

,1/ 4421

4/-f

'A - F I -

44 41 /,2 1,5 2,

Fig. 4. Dependence of increment C) and threshold (N) of development

of instability on pressura and Kiad of residual gas: 1 - hydrogen; 2

- helium; 3 - air.
I

Key: (1) re'v.

,! Page 22.
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At the .atq of formation of tn o. large ions of the smaller

critical oscillations on rae zezo aode they ccnvert/transfer in the

described above high-frequency councing. But if the rate of formation

of largs ions .-ceeds tnis criticai value, that, in particular, for

the air corresoonds to mean pressure in the chamber/camera 3.2.10-4

torr, thsn with the disconnection of extracticn voltage after the

sufficiently rapid damping of oscillations on the zero mode the

circulating proton beam proves to ie completely stable. This sharply

decreases the losses of azticies in the vertical lin and increases

the coefficient of capture to tne value, close to unity (Fig. 5). The

storage time of protons in this case is determined in essence by the

lifetime of proton on muitipla scattering.

A ::hange of the potential ot Deam in this case shows that the

degree 3f space-charge neutraiization of protcn beam by secondary

electrons close to 1O0o/o wita its full/total/complete stability and

number of particles on the patn/track -1.5.1011.

One should especially amph :ize that without the

operation/process of the removai/iistance of secondary charged/loaded

particles at the initial staga of the injection of protons on the

path/track it is possible to dccumulate not more than 1.5o1010

protons as a result of the development of the coherent high-frequency

instability of beoam, descriDed aoove.

NI
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The achievement of staola space-charge neutralization of proton

beam at the intensity of tae oraar of maximum on the space charge

makes it possible to hope to overcome this limit.i
ks can be seen frcm precea:ng/previous, interaction of the beam

of the circulating protons w.h secondary charged/loaded particles

laads to the serie! row of aftects. The qualitative behavior of th:e

coherent bouncing of protons on the high modes will agree

sufficiently well with ta. represantations about the two-bundle

lateral instability of syszcm proton beam - electronic cord (3-5].

The observed with rcugi vacuua bouncing of proton beam on the

zero mol can be, apparently identified with the instability, caused

by interaction of the circulating proton beam with their trace,

formed from the heavy large ions, oy for the first time exatained by

1i Hereward. The experimental dependence of the increment of

I oscillaticns on the zero mode on kind and density of gas will agrea

with the behavior of the increment of Hereward. At the air prbssure

.2.3*10-4 torus and with connected extraction voltage 800 - the

I increment of the observed zero point oscillations composed 0.12

S~reverse revolutions. Calculation under these conditions gives close

value. Taking into account that tae expression for the increment was

A
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ootained under the very simpli.fid assumptions, the coincidenco of

increments can be considered satisfactory. In (6] was not examined

the effect of any mechanisms of fading on this instability. The

threshold character of the development of the observed by us

instability on thp zerc mode, appazsntly, can be axplained by the

effect of any of these mechanisms.

Stability it is sufficient intense, completely compensated

proton beam, that was being ooserved by us at a sufficiently highI pressure in the chamber/camera it is possible, apparently, to explain

i jas follows. Let us consiaer tae efzect of large ions in the beam only

as the supplementary focusing force, which acts on the compensating

electrons (frequency shift of the coherent betatron oscillations of

proton beam we will disregard/neglect). The dispersion equation of

this system takes the form

M

m n

where J~f - - freaiency of revolution of protons; % n

electron density, large ions ana protons respectively; k - number of

mode; M and m - mass of proton and electron. From the dispersion

equation it follows that tiis system is stable on the modes

As can be seen frcm this expression, the stability of system depends

on the absolute density cf large ions. This, in particular, is (

I[
Iii
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explaina.d ths positive effcct of cleaning secondary particles of

initial stage of accumulation from beam. At the low density of

protons in orbit the degree of ionization of residual gas is low and

does not provide stabilaty At an average/mean residual/remanent

oressura in chamber/camera -4.10-s torr (air) ionic density in beam

;-2n, which corrssponds to tne stability of proton beam on the

modes to k-60. The fact taa tne instability is not developed on the
very high modes, can be, apparently, explained by weakening the

effective field of interaction of proton and electzon beams for the

short-wave disturbances/perturDations., Furthermore, for the

short-wave oscillations consiaeraoly is amplified that stabilizing:

the sffact of the energy spread of protons in the beam.

-i
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Fig. 5. Current of protons on tne path/track (a) , detectad signal

from th'i induction electzou.zs oz tae vsrtical posit ion of beam (b),*

stress/voltage on the extracting platqs (c) . on th? horizontal 50

ps/div.
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Discussion.

A. A. Kolomenskiy. Which tna zinai goal of your investigations?

V. G. Shafaovskiy. Purpose of our investigations - to decrease the

limiations on the space cnarge in the initial part of the

accelearator and to move into zaa region of smaller energies.

*1z
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90. SYNCHROTRON MOTION IN A STRONG-FOCUSING PROTON SYNCHROTRON IN THE

PRESENCE OF A SPATIAL CHARGE.

I. Gumovskya, K. Raykh.

(CERN)

1. Introduction.

If synchrotron moticn in tne case of the negligible forces,

connected with the space cnarges, is well known C.V, then this

not entirely then for tne aeams of the large intensity when the

forces, connected with the space charges, no longer are small in

comparison with the external focusing force. We investigated the

static case (decision of tna equation of Poisson with the

introduction of relativistic correction) for four oarticle

'Idistributions: 1) permanent density in longitudinal phase space

[2-4], 2) distribution according to the parabolic law in geometric

ii space (5, 61, 3) distribution according to the law of cosz in

I geometric space [71 and 4) permanant bulk density within the

ellipsoid in the geometric space. Results are expressed through tha

areas of high-frequency capture regions (or "benches"), the

coefficients of groupirg and synchrotron frequencias as the functions

---------------------------------------
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of a number of circulating particies.

Undar the assumptior, of zhe sinusoidal form of radio-frequency

voltaga and absance in the frajuancy of the rrors for accelerating

field synchrotron moticn when field Egr of longitudinal space chargs

is present, can be expressed oy equation (1-6]1

211' (1)2 32sc E d d,9 ~ r(I%

where R - the mean radius of the caamber/camera of synchrotron; E0 -

rest energy of particles; n - naraonic order of accelerating field; c

- speed of light; y - Lorenz factor; e - elementary charge; VRF -

amplituda of radio-frequency voltage, and angle 0 - is counted off[ ~from zero this stress/volcage.

FOOTNOTE 1. More detailed data are given in the internal report of

SCERN [8]. ENDFOOTNOTE.

Higher than transition point is accepted convenient for the

calculation form [91 of equatioa (1): in this case the values

always lie/rest at the interval - r.(0 (for the stable motion), and

value 0o remains constant.
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For simplicity it is accepted that: 1) E., depends only on the

longitudinal coordinate, s, 2) aaam and vacuum chamber have circular

cross sections and 3) tniS cnamner/camera is uniform, deprived of

losses and is coaxial wita the beam.

In ordr to determine fiei distribution, clearly or implicitly
I

is accepted certain linear charge aistribution X(s) per the unit of

length s and is calculated the corresponding static; potential,

utilizing a formula for tne capacity/capacitance of coaxial (which

does not consider effects at the ends/leads of the cluster2

V VS) - V) / C (S) , (2)

where Z(s) - capacitance par unit length s between the beam of radius

GO(6) and the vacuum chambar of radius a.1

FOOTNOTE 2. The admissibility of tais simplification is shown in

Appendix. ENDFOOTNOTE.

Then the longitudinal component of electrical field on the axis

of bundle can be written in tae form

Esa dV(s)/ds. (3)

In order to introduce ia (3) relativistic correction, replace

all lengths 1 measured along axis/axle s by re, and the density of

charge x(s) on f'%(,). In the majority of the cases in question this is

equivalent to the replacement
-2 Es

£ei" w" E,."

.........
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) If we disre gard/neylacz changa I in the course of time, equation

(1) can be integrated over 0

231 R E*_ 3d -* +AC-
2h c2 ' ;rf-1 &J

--ev RF . ,. c + + 1 S +'"  ,16 2 4 + (4)
eVF.cos(q-2 0)+IS1 Joy 0, >1

2xReV(t#)/r 2

whera co - integration constant, and V(0) - the prescribed/assigned
function; * - potential function (2), expressed as function 0.

FOOTNOTE 3. In many practical cases it is necessary to rata/estimate

spaca-charge effect after occurrad adiabatic fading of any type. For

this it is nqcpssary tc solve equation (1), taking into account that

E.&-9.) d3pends on y. ENDFOOTNOTE.

Page 24.

ThB comparison of differaaz distributions is

accomplished/realiz-d as follows. In all cases this comparison

relates to one and the same parameters 1#6,V.r,M, where N - number of

circulating particles. Eor the fiiled capture region the length of

cluster is determined fzcm eauation (4) for each distribution. For

71,

I)
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the partially filld capturd r-igon is acceptsd on: and the same

length of cluster in the case oi negligible space charge for all

distributions. It is obvious that the latter/last assumption is not

complately correct, but it is coavenient for the calculations.

2. Area and height cf captura region (cluster), coefficient of

grouping and frequency ct syncnrotzon.

Assuming/setting y=do/dt=; and introducing standardization

4mII4C0g.,/(2.2) which was eing uti.Lized earlier (9] (where Q0 - the

angular frequency of small sjnchrorron oscillations for 4=1), we will

obtain equation separatricas in the form

LC cos(I- 2tp.-os(%&-c 90 s

:tC, (N) C

where :0o(N) and C, (N)f, () - ae functions, which depend on the

charge distribution; 02 - adoscissa, which is determining to

separatrix (point of unstaole equilibrium), and upper and lower terms

and signs relate respectivaly to tue regions below and higher than

transition energy. If O, - another value 0, for which 4n- then thi

normalized area of capture region is determined by the expression

(for the brevity subsequently is everywhere examined only the region

lower than transition energy)
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W2

o ()n d- n (6)

The half-height of captura region is equal to

4( Wn max- %n(%)"- (7)

If is required to determine tae sizes/dimensions of the cluster,

which stretches from li to Tge in the partially filled capture region

or the coefficient of grouping V, then it is possible to use with the

same equation (5), after replacing VnW,,9, by %e,%*t1?. The

coefficient of grouping is determined by the relationship/ratio

In or.Thr to find frequency of syacarotron, it is necessary to have an

equation for the particle zrajectory within the cluster. It was

obtainfd, on the basis of tne fact that potential well was identical

for all trajectories. Then

The angular frequency of synchrotron oscillations is equal to

Ex pressions for Es (g)(1),.Co and C~f, 1(5) and C2f2 (9) are given in

Table 1, and value X(s) and B (8) - 2.

Let us make several final CDservations (8].
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DuB to the neglect of depandence £.S on the transverse

coordinates in (3) all utilized tialds are electrostatically

mismatched.

Only distribution s=consz in the space (0, *) is stationary

according to Kapchinskiy. in other distributions "external,,

trajectory and envelope of charga do not coincide in the

precision/accuracy.

I At points 01 and 0 zna distribution *=ccnst leads to the

intecruption/discontinuity in y' lower than transition energy and to

the interruption/discontinu.Lty into y - higher than transition

energy. Discontinuity can be removed, for example, by the

introduction to special function [5, 8], which affects in essence the

ends/leads of the cluster. Ellipsoidal distribution it leads also to

the special feature/peculiarizy, if it are are utilized together with

the formula for thq caFacizy/capacitance. This difficulty can be

rimoved, selacting C0=R(00- 1)/h, i.e., combining one end/lead of the

ellipse with 01.

In prescribed/assignea acceiarating field the forces of space

charge do not change the length of capture region in the case of:9 -4

:1x
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distributions accorling to a ±ad =const and cosa. In the cast- cf

parabolic and e!ipaoidal aisza.Dutions these forcss shorten the

capture regions lower tnan rransition energy. For all diszributions

of area and height of cajaure regions decrease below transition

energies and grow/rise above traasition en':rgies.

3. Num=rical results and coaciusioz/outout.

Figu-_ gives thr resai±cs ot calculating the area of capture

Sregion for boost.r [10 ]cf protcn synchrotron of CERN (PSB)

undertaken as an zxampla. Tne values of the coefficient of grouping

are given in Table 3. For tae parameters in question the area of

capture r:.gion and its nega- aecraas, to 10-35%.

%

I

,I

I _ _ __ _ _
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Lpgs2~~bl 1 ,Xpress2.oas -:Or E3$f( p), Co (N), C, (N) () and

JC 2 (N) f 2 (0)

( Pacnpeaenexw x(p (/) ,N CI 1(N 0 f1(iJ20)

e~c-OStJ N
ish.Q0  c(N)" hr- h~ (~hgoN 2

- - - ~const 2 Cuw)u .)-const ~ SR~~,-3290R VF() oO'il'fl'
a npLc-PaHCT,.e (q- .

rlupa6onittiecK

3ehtiqN ___ES
90 PAT(U') V2 tfRf1412

00

C03- __OS __4_ CM -cWl

3.193eN 2 RE

rR F _ _

Ir -v V904~, -79Y

* ~ ~ ~ j Fomua +s notpos..ne o ! :cty tiiz aov

II

Key:H~nbO (1) Ds Ru N. () intesae (3. arblc (a) o.
UN) Elisodljoo-( j6hC4 INS_
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Tabl 2. Expressions for A(s) and 8.

PacnpeeneHxe A (3) rpxkte 4aj

,is hao -R" 20h 0 , I141-1 -cans" * rlpoc~oro bPa>KeHHp aan

IS) sr
n aPaG°n''ecxoe 'h s) /\.[- ) .~ 9 N £ i e e (" P°° 11 tp)

2 s

- O s- *(7)

Cos2  h2eWS) nS 4~i~1 B He 38SHCHT OTr N
3 fCsc 0  3 , I , __,_...

U N.,Oo.a es( R hCMo}= I.. a / I CT

-const o -l X 05
4hco 3= /

K-iy: (1) . Distribution. (2) . Note. (3) in the spaca. (4) . Ther- . is no

siMple _xpression for B. (5). Pciarol0ic. (6) B weakly depends on N

(through 01 and 0). (7). B does not depend on N. (8). Elliptical.

(9). It is unsuitable in tne case of asymmetric clusters.

Page 16.

It is evident that tae distriution according to the iw of cos2

leads to the values of tha cca ficisnts of grouping,

approximately/exemplarily for 30O0/o smaller than in the case of

distribution d=const.'I
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Analogous results were ootaiazid for present and

proj.-ct-3d/designid paramae=rs -8] of proton synchrotron of CERN

(CPSI . Relative (in comparison wizn the zero intensity) frequencies

of synchrotron into CPS, that correspond to small and large

amplitudes, are giver in TaDias 4 and 5.

For large amplitudes 1. is aqual

'(1,wip.) }- const, n'pa6owmecKoe~~pMCnpe~ene.X*9 II

(4acnpaeemHe cos'F

Key: (1) parabolic istzinution. (2) distribution cos2 .

As can be seen frca tha jiven below tables, the dominant role of

the forces of space charge is reduced to the fact that they decrease

the synchrotron frequency lower than transition energy and increase

. its above transition energies. The change of frequency of small
synchrotion oscillations, depending on the number of circulating
particles, is roughly proportional to the curvature of distribution
of charge density with 9.9,.

Of four calculated vaiues it is most convenient for tne direct

measurement B and Q. Since the frequency of synchrotron depends both

on particle distributica and on intensity, it is the most

adequate/approaching value for tha experimental check.

Unfortunately, until taere axasts instrument for its direct

measurements. The estimation of frequencies of the synchrotron in CPS
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was obtained during the lattar/ias- several years by observing the

oscillations of the maximum cnazge density in the process of work of

the accelerator. The frequency of these oscillations does not depend

[11] in the limits of tne mwasuriag rror, equal to approximately

2o/o, from the inte.nsity oi proon beam in the range from 0.07 to

1.8*1012 protons per pulse.

.J4'

iA

AI

~~|I
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o6"Z - iZv IS W-(

Area of clustor, included ay stanaardizfd/normaliz:-d envelops of

charge for ths booster oi LER, F0.03 m. Curves for 50 MeV

correspond to the filled captuge region AW-Te-( : a -T50 49V*

VRF=I2 kV, *0=4.8; QSa0,02A; a - --=600 MeV, VRF-3 kV, 00=0.10 ,

AO=220 0 ' C.b -OO,1m; B-T=80U AeVVWIZ kV, "o'4.80, 40=1 470, Ob 0O'Im; 1

- =const in the space (0, ;); 2 - parabolic distribution; 3 -

distribution according to the idw of cos z.

Tabla 3. Coefficients cf gouping for H=2.5-10t z to the ring.

n/fap7, Tpw 90 m;W T 800 MaeG(.,?, coplw- V * 2 xa.
Pacnpe- ectc- 1 8  0
AeneHme eh

(~ (- pnt0,55 0,30 0,425

flaa6onu'tecxoe (wmuun
coxaa o") _ 0,54 0,27 0,41

o02  0,41 0,20 0,30

Ke-y: (1). Parameters of tae accelerating system. (2). Distribution.

(3). MeV. (3a) kV. (4) Paraoolic (ellipsoida4

:., _J 4;
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Tab!-: 4, R-ative frequ6ncy of sinchrotron in CPS for small

amplitudes with different energaas VRF =130 kV, o=30 o)

(' 6-cont 1(3) 2
DlanHa crycTa (Q B npOCTpaHCTac flapa6o:Mqecxoe COs

N = 1012 N = 2.1012 N = 1012 N= 2.1012 N= 1012 N = 2.1012

1,053 Bcs o6nac'nb

1 aXBa a 0,996 0,992 0,994 0,986 0,980 0,956
5,6 330 0.96 0,°  0,S 0,92 0,83 0,68 < 0,2

29°  1,03 1,06 1,08 1,16 1,22 1,42
7 540 1,0 1,01 1,01 1,03 1,04 1,08

240 1,03 1,.04 .,06 1,11 1,10 1,311 84 0 1,00 1,00 1,00 1,01 1,01 1,01

* Ideal adiabatic value.

* _asur~d value.

Key: (1). Length of cluster. (2) in the space. (3). Parabolic. (4).

1Entire/all capture region.

Page 27.

In order to match this result witar this work, it would be possible,

for axampla, to consider that (1) ceal distribution has with 0=00 the

smallar curvature than any ona of the investigated distributions, or

that (2) the observed oscillations are not the oscillations of singls.



DOC 8 ,0069302 PAG,/,*

particls, as it was accepted auova, but by the oscillations of

envelope, for which the saaft/shear is 4 times lass (5, 12].

Application/appendix.

Comparison of the axac-r solution of the equation of Poisson with

the formula for the capacity/capacitance in the case of ellipsoid

with the permanent bulk density of inside cylindrical uniform coaxial

vacuum chamber/camera witaout ta lossas.

Let us .xamine the evialy cuargsd/loaded ellipsoid

+ *o >  aC (Al)

with bulk density Ne 3
h 4stafC

P(x, z, s) - point iasade or out of surface (Al). It is known

[for 13],that for the isclazed/insulated ellipsoid the potential at

point P takes the form within

(A2)

otsjt ie V,.¢ ( - M.()=- M.O-M~k)z-M,(k)'),

whpre M - form factors of ellipsoia. Let a-8 and the ellipsoid be

surrounded by the coaxial ideally conducting cylinder of radius aV.

Then parameter k in (A2) is equal to
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k = 2 + ( M

V(6 C0 -C2- t 2 + CL2 62 + 2 ( 2(-A3)
2

and pot~ntia4. on ths surface )4- cyiindar takes the form

Vpt(S)- -Pa8C(M~k)-MX(k) c4-M,(k, s), (M4)

where

M(k)-g EJ1V C!'

M~(k-~ a+k ~e\2

Let us examnine the boundary-value problemfrm(4

With the aid of the Fouri.ar transform it is possible to show

that decision (A5) is written/recorded in the form

v (St)u F,(r) cos sr dx,

- (A6)

0

4es Co-r
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Thus, the potential diszziution, created uniform by the

charged/loaded -l1ipsoid is insida of the ideally conducting coaxial

vacuum chamber/camera can be presented in the form

2 2v s. - (M(a)- M (o) I_ Ms(.ld). v(SJ

*1

2

I
I'A

4to
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Table 5. Relative frequency of synchrotron in CPS for the large

amplitudes with differr-nt ergies VRF =130 kV, 0o=300).

. . ax Scr CTc r-C e,,,-" n , a 1cre nfapa6ormnecxoe Cos2

a 'eac- N 212 N 12 1
1 12 12• r'r" = 10 " 2-101 -- 02 N = 2P10 =1 0 N= 2NI0

1,053 Bcsi o6nacmr 0,896 0,994 0,989 0,994 0,988 0,988 0,974
3axBaT&

5,6 330 0,99 0,957 0,901 0,917 0,826 0,770 0,450
029 0,99 1,04 1,08 1,08 1,15 1,14 1,26

7 540 0,99 1,00 1,01 1,01 1,02 1,02 1,05

240 0,99 1,04 1,05 1,05 1,1l 1,10 1,18
12 0

84 0,96 1,00 1,00 1,00 1,00 1,00 1,01

* Frequency switch in ccmparison with small amplitudes for 4=1.

K*y: (1), Langth of cluster. (2). Frsquency switch *. (3) a=const in

the spac?. (4) . Parabolic. (5). Entirs/all capture region.

Page 28.

Introducing the usual relativistic correction s--ys, c0 -pTco, we

obtain an electric field witnin vacuum chamber

(AS)

TF(e if) win rs; d o.

Then, if we disr .gard/negl~ct adidoatic fading, the equation of
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I synchrotron oscillations withn tne energies lowsr than critical will

j take the4 form

e'0  (sLn q-sin )

(A9)

If we assums, first in (A9) r:j and to examine linear component

I~os MNeR2[k)- M
~~l (A10'~ fo

S ~ ~ ~ c (in paaetr MSVn P ta eutswl ifrfo h

(3) ~ ~ ~ 3eR"m only by thrMinfc iit

FOOTNOTE 1~Intlagrals in (A6), (A8) and (A1O) with difficulty are

calculated, since in them the inteyrands are, since in them the

integrands are rapidly oscilJlating. Utilizing asymptotic expansions

1 (81, it is possibla to convtirt integrals in such a way that in the
integrands it would not ba Lae csc.llating terms. Then ths

FI
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calculation of integrals of type (A8) and (A10) occupies about 5 s in

?lect-onic comout-r CDC 6boU. &NDFOOTNOTE.

If the same procedure is fulf~iiad for equation (A9), again

assuming/setting r=0, tnea results will differ per unit in second

significant digit, which is comkletely acceptable for purposes of

this investigation.
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V. A. Kolomnskiy. Synchrotroa fraquency in your explanation depends

M

I -" __-' 'e
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on tite. But you are close dpJodCi the transition energy, and how I

do understand, you do not nav- aa-a about -he behavior of frequencies

near the transitioa energy?

K. Raich. It is very dif±±cui; to measurq the frequencies when you

arr locate.d n-ar the transICion energy. However, it is possible more

or less accurately to assume according to the results of measurement,

and also by extrapolaticn, as d±1i behave these frequencies. We

fulfilled some ixtrapolation, sinca the direct measurements with the

transition energy cannct ae directly taken. According to these data

I it is possible to arrive at tae conclusion that there is a steady

transition of frequency, out aot tnat jump which was by us obtained

diuring calculations.

a

*2
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Page 29.

91. INTERACTION OF BEA1 wlTd INSTA.LATION. ELECTRODYNAMICS OF

RELATIVISTIC BEAS IN VACUUd CHAM6ERS OF VARIABLE CROSS SECTION.

Ye. Kayl, B. Tsottar.

(C ERN).

2 The longitudinal staoiiity oz the beam of ungrouped drifting

oarticl3s can be dtermin d, comparing the impedance of

connection/communicaticn, caused oy the surrounding vacuum

chamber/camera, from the curved zero rate of growth in the plan- of

compl . impedance. The characcar of this carve depends on energy

distribution in the beam, but usually it .s ccmpletely satisfactorily

it is possible to apprcxiiAate oy tnf circumference of the normalized

radius 2/w. Thin stability critarion can bs written in the form [1]

where z - impedance o1 ccnnecticn/communication; n - number of the

mode of disturbance/perturnatioa (number of wavelengths on the

4
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perimet-r) ; E0 - rest energy, e - charge m. - rest mass of

particls; ._ - critical energy) ; T - Lorenz

foactor; 10 - b;am current; 2Ap - full/total/complete spread of

impulsas/wompnta/pulses. Suosituting the value of the parameters for

: h-:. rings of CERN (ISR), d will obtain that the strictest

limftations are superimjosed in the beginning of the process of th4

accumulation when must be z/n<lU cam. For the full/total/complete

accumul3.tion the limit exceeds 1 kiloohm. These criteria are valid

for the s1'.ght disturbances of zeaa and givq only the threshold and

the initial velocity of increase.

During the last few years is carried out the estimation of the

contributions of differenz elements/cells of vacuum chamber ISR.

Contribution from rssistaace of wail is 5 (1+j) ohm for the lowest

mode and it is considerably lass for all higher modas. The impedance

of connection/communication ot nign-frequency resonators is reduced

to several ohms by strong feedDacg [2]. The contribution of the

suction electrodes is determined by their characteristic impedance

and for the lowest mode is approximately 3 j chm. Bellows and other

changes in the cross section give mainly inductive additions. At the

IJ low frequincies capacitive addition is created only by instability of

the type of "negative m,|ass" and corresponds to the impedance of

connection/communicaticn inedaal of the conducting vacuum

chamb r/camera. The active part oz the full/total/complete impedance
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remains less than 10 ohms, out _.nductive grows/riseas to 20 ohms.

Taking into account the sovare limitations, which lead to the

criterion 10 ohms (for eximpla, utilizing design density in the phase

space not yet achieved/re4cned in the injector), it is possible to

see that tha situation at tne low ireauencips -s not ideal, but it

can be considered acceutaole.

Pizture sharply is cnangea at the more high frequencies when the

resonance effects of changes in the cross section can increase the

impedancp of connection/communicacion z/n several orders. Although

the rqsonancn frquancies oa tne wnol,. are not multiple to frequency

of revolution, resonance peak usually is sufficiently wide in order

to overlao several mcdes. Yurrneraore, ral -,requency shift can prove

to be sufficient in order to move resonance for the integral number

of mode.

,I
In order to rate/estimata tne resonance impedances of

4~ I
connection/communicaticn, we investigated [3] the simplified model,

shown in Fig. 1. Disregarding tne curvature of ring, we replaced

vacuum =hamber with the infini-ely long straight cylinder of radius

B. Periodically - with the period 2rR, which corresponds to the

psrimat.r of ring, divided into a number of equidistant

elemants/cells - a radius or chamDer/camera grows/rises to value d at

length g (" gap length), forming resonators. The concentric
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cylindrical beam of particlas oi tna radius and moves along the

)axis/axle of chamber/camera with s~eed PC. It is accepted that the

unaisturb3d beam has ut.iform density with a small longitudinal.

divergence, which corresponds to tne number of mode n (in this stage

it is not compulsory whold) . Lais 14isturbance/p.rturbation generates

alectromagnetic fi.ids whica, in turn, act on the moving/driving

charged/loaded particles. ieius azr found from the decision of wave

equation with the appropriate boundary conditions on the metallic

walls. For regions I and 11 corresponding to beam and chamber/camera, k

is found the infinite set of tua tnre-dimensional/space harmonics

which must bq matched on E. aad HP with the infinite set of standing

waves in the resonators (region 1i1). The coefficients A of

three-dimensional/space harmonics in the beam region are determined

fzom the infinite system of equations with an infinite number of

unknowns which can be ccapactly written in tha matrix form

(U- a N R * 1) A - c.N RN+ B ) (2)

where A - vector of the coefficients of three-dimensional/space

harmonics in the beam region; B - vector with unique nonzero

component B9 . - - unit matz-ix; a%-q/2rR; R and I - diagonal

matrices/dies, whic\ contain tae ralati,)ns of Bessel functions; N -

hqrmitian is conjugated/combined with N;

-bXQ B Un IP, rips S mee-ro,

r.0_ 777777S

____
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K-3y: (1). with. (2). even. (3). odd.

wheara No is obtained by e rasolution by Fourier of the s mode on

the boundary of resonatcr in terms of the period 2YR; U - aNRN I -

. "nuclus" of matrix equation.
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4- I

J:7:'-i J,, L~f ,,7m" -4_

Fig. 1. Diagram of calculdted jeoaetry.

Key: (1). Resonator. (2). CnamDer/camera. (3). Bean.

Page 30.

The impedance of connection/communication can be defined as

(negative) ratio cf stress/voicaga to the current of

disturbance/p.rturbaticn, moreover stress/voltage is obtained by the

integration of the retarding electric field along the trajectory

during ons period. During tae iatagration all three-dimensional/space

harmonies, with exc;epticn of aarwnonic with the same number of mode,

that also in disturbance/perturration, they disappear and the

impedance of connection/communication it takes the form

2 ( a " (At-1). (3)

Coefficient A. is found from the dcision of matrix equation

(2). The direct decision or equation with the aid of the electronic



DOC = 80069303 PAG 1/7

computer for parameters ISR is uraralizabla, since for this a~e

necessary the matrices/dies wnose dimensionality exceed a number of

resonance modes (this numDer usually on the order of several

thousands for the d- cimettr r-scnators on the circumferqnce by length

on the order of 1 kin). The armiricial decrease of the length of

period leads to the yieldLng to working/treatment dimensionality of

matrices/dies and not must not considerably change results, if period

remains large in comparison with the sizes/dimensions of resonators.

Resonance frequencies art determined from the condition for

inversion into zero real parts oi the determinant of the nucleus of

matrix aquation.

Let us find by other now metnod approximations for the resonance

impedances. Converting/transferrinj to the new unknown

variable/alternating A'=N IA, we will obtain the matrix equation

(U +rN+INR)A-..c&N+NRN+ B, (4)

which for the form it is similar to initial equation for A, but the

order of matrices/dies N and u in the nucleus is changed by the

raverse. This complately changes convergence properties; now it is

necessary to transpose cnly very small matrices/diss. Furthermore,

nucleus becomes almost didyonal, and in the approximation/approach of

the smallness of the arguments of the Bessel functions of substances

to matrix/die I we obtain analjtical decision. From the condition for
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inversion into zero real parts of the danominamor let us find the

resonance frequenci.s

wher c -a decsio of"P-~)2 (5)

where M decision of the transcendental equation

F0 TO)

moreover ) t" 0,1.

Values m% depend only on geometric parameter X-d/B. Index p)O

can ba defined as the numoer of axial mode in the resonator, and q .1

- number of radial mode. For tnae lossless resonator the impedance of

connection/communication of tad lowest axial mode

( %o p 2 (6)

Rid6 Z 2 6

For the practical targets it is possible to rewrite these

formulas (and formula for juality Q) in the form

0I d200-40,(x) sLn ,

where XI, and tP- functions, waich dipend only on X and given in

Fig. 2. All these functions approach unity with the large ones X,

this corrasponds to the case of closed resonator (B=O), when these

.I
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formulas convert/transfer into the known expressions.

4ore detailed investigation snows that this

approximation/approach is corract only when along the duct, which

connects resonators, are aot pzojaqated waves. Usually this occurs

for the low modes.

lost obvious variation in the cross section in vacuum chamber

ISR - the frsqugntly repeating transition from the circular to the

elliptical duct. Rtnlacinj elliptical chamber/camera by circular

chamber/camera with th- equal cross-sectional area, we will obtain

the impedance of connection/communication z/n=3.5 ohm in the presence

of the lowest rsonance near 1430 MHz, which corresponds to quality Q

on the order of 4900. The following higher resonance lies/rests only

scarcely higher in the trequency and has almost doubly larger

impedance (with the same lualizy). Subsequently th-e impedance drops

approximately as w-3. since tne ring contains about 150 resonators,

the full/total/complete impedance cf connection/communication is

almost 1 kiloohm. It is expected tnat the real value Q is somewhat

below due to the imperfection ot the metallic surface of negligible

resistance of the end walls and other heterogeneities. Presence in

the majority of these chambars/camaras of cleaning electrodes

decreases the quality approximately from 1000 to 800. This still

corresponds to the impedance of connection/communication of more than

150 ohms. Therefore was initiated installation of 2xtinguishing

r:.sistances.
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Fig. 2. Plotted functicn Xa),cPI(A) ai. (POA) k

Page 31.

Th3 saris/row of cther eiemeats/cslls of vacuum chamber ISR

creates in the presence of :he resonance the large impedances of

connection/communication. Suca lewents/cells are, for example, large

chambers/cameras, arranged/locatad for the experimental targets near

the sections of intersection. Therefore inauguration of accelerator

will occur with the use of simple X-shaped sections of intersection.

Subsequently it is planned/glided to electrically separat3/liberate
K

large experimental chamters/cameras from the beam with the

thin-walled extensions, waich continue the gecmetry of vacuum

chamber. These extqnsions must ne the thickness th only of the order

of the depth of skin-layer at the lowest resonance frequency (usually
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several microns), but 4t is necessdry to take measures against an

excessive increase in the roie of zhe final conductivity of walls at

the low frequencies.

REFERENCES
i. E. K ei1, W. Sch nell. CERN Divisional Report, CERN-

ISR-TI-IF/69-48, Geneva, 1969: K.VtoslcOH.

Proceedings of 7th International Conference on High-Energy
Charged-Particle Accelerators Vol II, Erezan. Izd. An Arm. SSSR,
1970, str. 131.

2. F. Ferger. This collection, t. II.
3. E.Kei], .9. Zotter. CERN Divisio-nai Repors,

CEI1N-ISH-TI/70-30 and 70-33, Geneva, 1970.

Discussion.

A. A. Kolomenskiy. Was conducrea any experimental check of effect,

I which does axert ceramic coating?

3. Tsotter. Experimental measuremeats it was not carried out, but was

observed a change in qualizy dna a change in the frequency band.
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92. STUDY OF THE FLUCTUATIONS OF TdE DIMENSIONS OF A BEAN IN CIRCULAR

ACCELERATORS CONSIDERING fhL SPATIAL CHARGE.

P. R. Zenkevich.

(Institute of theoretical and experimental physics).
4.4

Basic effect, which limuits tne intensity of beam in the circular (

accelarators of protons, tii dacrease of the f_-quancy of transve.rse

vibrations due to the pushing a~arz, which leads to the intersection

of parametric and summation rasonances. In the majority of works

1 [1-31, in which was examined tais effect, was applied the model of

the "monochromatic" beam, wnicn does not have spread along the

betatron frequencies. Wita the aid of this model it was shown that

besid.s classical parametric resonance thera axists and the

,,-coherent" parametric resonance, on which are swung coherent

oscillations of the size/dimension of be4am. Purposa of this work -

investigation of the effect of dispersion in the frequencies on free

and induced coherent oscillations envelope of particles. The solution

of this problem makes it possile to also give the simple treatment

of the effect of a change in tue harmonic of gradient near ths

incoherent resonance in the presence of dispersion in the

4
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frequencies, considered earlier in A. G. Stadnikov's work [4].

SW will bs restric'ced suosequently to the account -o the

dispersion of beam in tne betatrcn frequencies, connected with the

spread along the impulses/momenta/pulses (effect of the dispersion in

the frequencies, connected wia. rhe onlinearity of gradient, leads

to th- qualitatively similar results). Let us examine first frse

coherent oscillations envelope oi particles. In the presence of the

dispearsion of beam for the fr6'uancies the equation of V. V.

IVladimirskiy and I. M. Kapcainsk.y in the ,,smooth"

approximation/aporoach can oe written in following form [5]:

where q rmaIvk; and z - two transverse coordinates; Vo_ phase

volume; sign <> indicates averaging on the ensemble; A~k - Coulomb

shift/shmar of betatron frequeacy. Conve.rting/transferring from g to

Ag and linearizing on Ag/g, we will obtain the equation

Let us present <Ag> in the form: <Ag>=c exp (iwO>. Substituting this

expression in (2), we will obtain for w the following dispersion
i iI  equation:

where

44
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II

During the calculation of integral in (3) should be considered

the following fact: if the pole of intsgrand falls into the range of

integration (/--o +IAkII.A), zaen che linearization of equation for

the env-lope, strictly speaxiag, is wrong. Actually/really, in this

case 4ill be located the particles (with la, the close ones to W/2),

which possess the infinita amplitude of oscillations.

This difficulty can ae removea, after assuming that in the

system is a fading whose value is more than the width of the

parametric resonance, created Dy coherent oscillations of envelope.

Page 32.

Then the diviations of enveiope it is everywh:ra final, and

fdispersion equation acquires tollowing form (6):

''u' (4)

fI () .~ ~dv

whera P bafore the integral means that is taken its principal value.

The analysis of this dispersion equation shows that its decision
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exists only when is satisfiad tne fcllowina condition:

Let us examine now forced oscillations of envelcpe. When the

r-ason ance harmonic of gradient is presint, the linaarized equation

-' for the envelope takes the form

Aj+ 12A /Vl& -3I /&Oi<M>+T 05 ke (6)

Dacision of equation (6)

T cos kB GIt 7

K- 8 1 - Y> -- .(7)>

Zro 4anowinators in [7] determine the frequencies of free coherent

oscillati.ons. Ejonce it follows tna' the condition for existence of

the coherent free oscillations (inequality (5)) it is simultaneously

the condition for 3xistence of the resonance of coherent oscillations

of envelope.

Let us rewrite equation (7) in the form

where

(f(C.,p - (9)
atd1

'9As can be seen frca tlhe plotted function ?(=, ) of -that shown
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in Fig. 1, an infinite increase n the amplitude of coherent

oscillations at Doint a- 1.6(kj-t-0,2SI kD) occurs only with 0<0.6. For

the high values p coherenz resonance is crowded of large ones a.

Upon transfer of inconerent resonance (a=1, k/2= 4-"D th.

amplitule of coherent cscillaticns always remains final. In spite of

this -or thq polychromatic oeam is possible the death 
of particls,

sinci the amplitudes of tae oscillations of particles, close to the

resonance, can be swung to the very high values. If the width of

r-scnanc. A-4<& (usually this requirement it iz made) , then

i particles with different ' in tne turn transfer incoherent

- rescnance, moving in the joint fie±d, formed by applied field and the

field of remaining beam. in tnais case the coherent play envelope cf

particles leads to the emergence of the resonance harmonic of the

gradient of coulomb field. Tna ratio of the amplitude of the sum of
/

the external aid Coulomb harmonics of gradient to the amplitude of

! external harmonic is expressea by the formula

F, (1 01)

Plotted function F(a, p) when p as the parameter is shown in Fig. 2.

i

/I
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;; Fig. 1. Plotted Eunctio.n F(a, when as the parameter. I "0=0; II

0I=0.5; III- 8=1.2.

K2

Key: (1) . Incoherent rsonanc. () . Coherent resonance.
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fig. 2. Plott-d functicn (t, a) whn q as th parameter.

Desinations th e eas in txy. i

Key: (i) . Incoherent esoace. (2). Coherat resonance.

Page 33.

In conclusion le.t us foramu~a th3- basic special

fe-atur'es/peculiarities of tee effect in question, which follow from

1 the analysis of the obtained formulas:

oscil'tions of envelope, creaz.con of the resonance "Coulomb"

/! harmonic of gradient; 2) tne Detatron frequency of single particles

IA

fA
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(at l3ast, in the first cruer on aq/g) dogs not dsD=end on the

oscillations of envelope1 ); 3) tna action of the Coulomb harmonic of

gradient leads to the arpearaaca of coherent parametric resonance and

to a change in the width oz iacoherent parametric resonance; 4) upon

the large disp-irsion of beam in zr, quencies("hUA k1) "coherent"

paramatric resonance di-;apjear; 5) upon a small dispersion of beam

in the frequencies, on the contrary, disappears incoher a parametric

r:esonanc., since the appearing Coulcmb harmonic of gradient

compensates extqrnal harmonic,

FOOTNOTE 1*. A. A. Kolomensxiy and A. G. Polukhin [7] obtained another

result: Coulomb shift/snear d.-creases in the first order on Ag/g.

This result, apparently, .s incorrect, moreover -he reason for error

- incorrect use of a mezni oz averaging. This question will be in

ditail discussed in th- moi.. axzensive article, which is prepared for

,1 print. ENDFOOTNOTE.

"1. L. Smit. Proceedings of International Conference on Accelerators.
2. L. Lyapostol'. Tam. Zhe, str. WO0.
3. P. Lapostolle, L. Torndalle. ISR/300_LIN/66,27, 1966.
4. A. G. Stadnikov. PTE, 1968, No. 3, 22.
5. I.M. Kapchinski, V.V. Vladimirski. Proc. Internat. Conf. on High
Energy Accelerators and Instrumentation. CERN, 1959, P, 274.
6. Yu.G. Globenko, D. G. Koshkarev. PTE, 1968, No. 6. L7.7. A.A. Kolmenskiy, A.G. Polukhin. Jaurnal of Moscow University,un-ta, 1968, No. 5, 81.

A'3
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93. DEPENDONCE OF THE MAXfIUS INT&NSITY OF PROTON~ ACCELERATORS ON THiE

CHARGE DISTRIBUTION IN THE CLUSTERS.

Yu. M. Tereshkin, Yu. A. Khlestxov.

(Moscow physical engineering institute)

In the accelerators of protons the upper limit in the intensity

I is limited to the disturbancla/DraaKdown of thk. mechanism of phase

stability under the action of Th space charqe of clusters. There is

a series/row of models for descrising the stationary axial motion. In

tne work of A. D. Vlasov is examined the rc.presentation of clusters

in ths form of evenly chargad/loaded ellipsoids [1], in I. M.

Kapchinskiy's works the ciusters are represented in the form of C; icylinders with density distribution of charge, repeating course
j separatrices [2]. Problem ia the approximation/approach of the

shielqIl beam is solved in tna worK of A. N. Lebedev [3]. The case of

neutral equilibrium is examined in works (3, 4].

'I In this work are presented the results of the investigation of

the qualitative dependence of estimation on the model taking into

account th3 incomplate shielding of the field of clusters by walls.

- ,
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Task is examined in known assumptions [1-3], which make it

possible to bring togatnez it to tne one-dimensional. In this case

the axial motion is descriued D zne equation of oscillator and for

the cyclic and linear accelerators is characterized by only

exprassion for Effective ass C 5]. Clusters are represented in the

form of the cylinders cf a ralius a and by length 2b-2-Y with the

self-consistent charga distriDuticn, which are the exponential

function of the potential of zne "pit" of V(0).. 1
where N - number of particles in cne cluste.r. With n=-1/2 we obtain

evenly - the chargei/lcadea cylindar (Q,) when n=O - cylinder with
7s

the distribution, rspaatiag course separatrices (z), when n=1/2 -

cylinder with the distributiou, repeating the form of potential well

(13), when n=3/2 - cylindei. with tne distribution, repeating the

course of the square of potantial well (9). Data of distribution

cover the basic interesting cases. All noted one-dimensional

distributions in th- princa.ple are "almost" self-consistent. However,

thel' cxamination makes sense in tne approximation/approach of

strongly elongated on 0 clusters or strong relativity. Furthermore,

as showed numerical calculations, small divergences in the form of

distribution p(o) weaakly arfect estimation Nmo .
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The canonical potential V(O) was located by the method of

Green's function. The tas about tne stability of oscillations was

reduced to the integral equation whose nucleus both for the

cylindrical chamber/camara and upon the approximation of

chamber/camera by two para±lei to infinite ones planes is described

well by exponential curve L5J. Ine decision of integral equation is

found in the first apprcximation,; is obtained expression for a

maximum number of particlas in tne cluster:

N lot 2 T4 F I ((A), (2)

where e - average/mean iniansiy/stringth of field on tha axis of

accelerator; X - wavelength of generator; F(0- form factor;

depending on the means of distziDation p(o)

42,2
FL(V i, 42, 3 a - u..+, ( 4

6.6

where

Page 34.

Are explained the following laws. For the even distribution

(also for the qllipscid) steidy states are possible with any

Ii
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size/diaension of cluster. la this case N=O both when

(undisturbed seaparatrix)and with tne contraction of cluster into

point Ip!O. Phase density nowhere goes to infinity. Maximum charge is

reached at certain intermediate size/dimension of cluster G<"

For the remaining collapslbie/dropped to the edges of cluster

distributions p( 0) the cluster virtually does not have th

capability to be compressed on the phase with increase in N due to

the appearance of the local minimum V(O) on the left boundary of

cluster (distribution z), or maximum V(O) in the synchronous phase

(distribution .) whict disrupts stability. It is interesting that

i.e., a maximum number of particles in the cluster for the sharlly

collapsible/dropped distriDutioas more strongly depends on energy,

the wavelengths and synchronous phase does not depend on a radius of

cdust ar.

A maximally possible intansizy is achieved by the distribution,

repeating the course of potential well (13). This case corresponds to

the neutral equilibrium when longitudinal field within the cluster is

constant, potential well is converzed into the line and phase density

approaches infinity. The same ccnclusion/output is obtained in works

[3, 4K].
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The displacement ct syncnzcnous phasp under the action of the

field of beam ;s negligibly small for all distributions, with

exception of th? ellipscid for wnich maximum increase ve composes the

value of order 15o/o frcm quiescent value [ 1]. This can be explained

by th - fact that the electrostatic center of gravity wher the field

of clust-r is equal to zero, is close to the synchronous phase.

oioel examined here ot the incompletely shielded bundle occupies j
the intermediate positicn bDtwea rhe free beam (walls are absent)

and shielded beam [3]. For tbese lamiting cases the corresponding

form factors take form L5]

23S=1 0--1 -+) ,+- - -

l . -- -, - P B, - ,

F~b) "' uten A- -..
-3 U44, 2AA

:1Hence it is possible to draw the conclusion that the account of '

walls increases the maximum intensity (for X3 with M-10-4V4 times)

for the steady distributions approximation/approach of the shielded

beam gives the high results, and during the sharply

collapsible/dropped distributions beam is virtually completely
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shielded. During the calcu±ation oz the maximum intensity of

accelarator it is necessary to conzider the concrete/specific/actual

means of distribution p(O). Thus, tar instance, with p-10 - 3

estimations can differ to two orders, which is substantial.

Table gives ths estimates of the magnitude of a maximum number

of particles in orbit (elipsoid, i,-@4) for the acting and

projected/designed proton synchrotrons for the high energy. Reslilts

are compared with the value of maximum int-nsity due to permssiblq

Coulomb frequency shift cf aezatron oscillations, which was

calculated from the formula

Ijr~g~ 'C0 o (5)e2 c2 q

During zonclusion/output (5) is taxen into consideration the wall

effect of chamber/camora and magnet poles, moreover it is placed

a/h=1/2 a/g=1/3 (h - radius of chamber/camera, 2g - distance between

thq magnet polqs). Table gives the comparison of the maximum

intensity of acceleratcrs on the Detatron (Nt and synchrotron

(Ne )oscillations wita tne achueved/r-ached or calculatad values.

The authors express gratitude to A. D. Vlasov and A. N. Lebedev

for the astute remarks during tne discussion of work.
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94. METHOD OF GAUSSIAN BRACKETS IN THE THEORY OF ACCELERATORS.

A. D. Dymnikov.

As is known, the analysis of particle motion in the cyclic and

linear accelerators, and also in any long channels, which consist of

the set of discrete/digital lenses, requires the solution of the

equations of Mathieu-Hill of form L1, 2]

'u-q(8) u-o, oy(+ L)-qo(s). (1)

Here S - arc length of oroit (in the cyclic accelerators) or

4 longitulinal coordinate oz time (in the linear accelerators) ; u -

transverse divergence cf particle, g(s) - the periodic function,

which describes structure accelerating - focusing of syszem; L - 0
length 3f the elament/cell of periodicity, measured along s; primes

indicatq differintiaticn oith respect to s.

The standardized/normaliz a decision of equation (1) in the case

of fhe arbitrary function 9(s) let us write in the matrix form

where uo and u. - values u and u' at the initial fiducial mark so.

111

4
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latrix/.io R6 ir calihra-,od ;.n such a way that

0).. (3)

but its Wronskian is equal to I with all s.

In many practical appiications of theory of pariodic focusing

function g(s) they apprcximatz fny steppced, or piecewise constant

function. Therefore let us examine the case when the period of

focusing has such structure, that

Whereas it is shown in wcr~s [3, 4j, if we introduce into the

zexamination of the bracket of Gauss, determined according to

recurrence formulae

(5)

then for the matrix elements QV' we will obtain

Isoi

RSO+L) ~ [ ctl . t~ ... ti 3 0 L

Her e:1 1, ~ o t t 1 "0n(P1 %2. -.)(7)
21 1 _-C
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If We assums

then thR form of thq func;.on dad can be determined on the

I-able

in thq examination c.i tha zluctuations of particles tn thq

accelgrators important value nas tne matrix/die of period R:+,:(1,2 ,5 1

throuah which it is determ~.ned the series/row of basic

charactarlst3.cs of oscillaioas. sincce during the conclusion/output

of expressions (6) it did not nava value, is the subscript o:'

matrix/die R permanent or varilacle value, then the matrix/die of

peiriod will take the form

(9)

where are used the designations

* -t +t okk;W 0

01 tkW~tL"
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40 0
0i sh(ASA4%) F i~

K-?y: FI). Function.

Page 36.

In view of p.oriodicity j (s) we nave

Taking into account expressions (I0)-(11) functions Ci and t can be

determined on the table ware W$ are determinad by the following

expressions:

aisms,-s (L-1,2....k-1) (12)

As6k - *k-S, &Sk n -

Let us find now, substituting expressions for the matrix elements in

the form of the brackets of Gauss, valuq cos p, where p - known in

thp theory floquet the characteristic index

CO R ,( .).+ (S+.), 1 - J(,.. + (R

4 in31Clt .Cntro- 1+ 1 (13

IA
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Here Cj, and ti are determined oy table taking into account

.xprassions (7)-(8) for so=.

Expression for cos p cdn oe presented as expansion in the

series/row in terms cf tne par-cicuiar brackets of :auss for the

T o3r:)qio structure from *vba and odd number of elements/calls:

o +(14)

+ - m (tA - O 1 ,%... -1+ 14

Expressions (14) are nighly useful, when the structure of period

has any symmetry.

The stability condition oi oscillations will be written in the

form

traj~~r~~: -: s.olon equatic, () reuto fidvdawhere cos j is determined by exjpressions (13) or (14).

The general solution equatacn (1), or equation of individual

4trajectory, can be written through modulus/module and phase of the

function of Floquet:
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U B ds
P BCos( S7+89)718

U'.. B- d@- 0~ S di _

where 3 and 0 - the constants, waich depend on initial conditions, p2

- square modulus of ths funct on of floquet, it is determined by the

-ix prssion

, . .sip t... -- l s, -b ... C,_t,+ 1

Eliminating sin and cos of expressions (16), we will "- in thm

equation of th5. ellipss of loquaz or projection of t. phase, volumi

of the beam:
1 U2 +pl(Tu+ u')" - ,)

where pZ it is determined according to (17), and function r takes
the form

I s+L

S

H ere 3 2 =s/v where S area of tae ellipse over which moves tha point,

which depicts )scillaticns on nca phase plane u, u'.

The method of the bracxets of Gauss can bp used also in the

arbitrary structure of periodic function g(s) for the approximate

determination of matrices/aies R". and RO°'L For determination QS+L it
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suffices to break the intertwal of tha variation s from s to s+L onr

sufficiently small intervals ( so that in aach subinterval

would be fulfilled the inequality

4 aj4 As 4C1 (20)

Then the approximation formulas for the matrix elements of tha
matrix/di . of period are writcan as follows:

(L, k- 1,I),
where

) (22)
t so"o, 4 s;I-s -, soaB, S,IBL.

Analogously will bs writtan matrix/dieaso+L which is obtained from

the matrix/die of period y replacement s on so .
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Session VIII.

PSRTICLE DYNAMICS IN ACCELEdATORS, ACCUMULATORS, AND INSTALLATIONS

WITH OPPOSING BEAMS (2).

95. SOME FEATURES OF PARTICLE DYNAMICS IN A SPECTROMETRIC CYCLOTRON.

A. A. Kolcmqnskiy, A. P. Zatey&v.

S(Physical institute im. P. N. Leeaev of th-e AS USSR).

Tha special fiature/paculiarity of spectrometric cyclotron (STs)

- high intensity (-100 pA) and energy homogeneity (-10-4) of the

accelaraAted beam which as achaeved by the proper identification of

pa~amet-rs of STs and their maintenance in the prescribed/assigned

I limits. The selection cf these parameters and allowances is conducted

oa the basis of th:. results of tue investigation of particle dynamics

in the cyclotron.

We i-nvestigated twc "modes/conditions": static and dynamic.

4Static behavior correspcnds to the free particle motion which occurs
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in tha absncs of acces2rat-in4 -zteLd. Dynamic, mod3/conditions

characterize the process of partic.e acceleration.

1. Static behavior.

In thp static state oz mo-ccn oF Particle in STs is described by

the system of nonlinear equations whose exact solution can be found

only with numerical intagrat.on. dowever, for the ,stimations it

suffices to be restricted to lineaz approximation/approach. In this

approximation/approach the equations of motion can be solved

analytically. Anaiytical caicuiation is especially useful in the

initial stage of -zsign cf STs, wnen it is necessary "to look over" a

large number of versions. However, the selection of final (working)

version must be conducted on tne basis of the results of numerical

calculation.

As the calculated version of STs was undertaken the version with

the following basic parameters':

Saximum energy (protons) ... 80 MeV.

Energy of the injection ... 1 MeV.

Nvarage/mean value of magnetic field in the central region ..
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4970 Oe.

Cyclotron radius ... 626 cm.

An azimuthal variation ia tha magnetic field - sinusoidal ...

FOOTNOTE to I. Ya. Barit et al. Preprint Lebedev physics inst. No 15,

M., 1969. ENDFOOTNOTE.

A number of sectors N, "flutter" and a radial dependence of

magnetic field were varied.

Dependencs of frequency oi betatron on N.

Fig. 1 gives the graph/diagrams of dependence 4(%) for different

N at one and the same value of ilutter, which corresponds fo=f,. From

the graphs/curves it is evident that the version with N=3 must be

excluded from the examination, since 9 in this version too closely

it approaches stability limit.

Dependence v on tne azimuthal form of field is illustrated by

graphs/curves in Fig. 2. This dependence is different for the radial

and bouncing. If for the radial cscillations thR harmonics of field

A 

-I
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weakly affect frequency, raen for the vertical ones they are

1etermini ng.

Isochronism. Sufficienc condition, which ansures the isochronism

of particle motion in tne cyclotron, th constancy of the harmonics

of a variation in the field aLld tn= special law of a change in the

middli field. In the first apprcximation, this law takes the form

I

However, for STs this ap.roxilaticn/approach proves to be too rough.

Actually/really, as it fciiows trom the graph/curve., given in Fig. 3,

nonsochroni:ity of this "'socaronal" field reaches on terminal radii

10 3, which exceeds the limits of that permitted.

In order to find the necessary law of a change in the middle C
field, it was necessary to rate/estimate its effect, and also effect

of the fundamental harmcnic of a variation in the field for the

period of revolution of Farticles. For this purpose were calculated

dependences !To(;) fbr different laws of +0(%) and +I(%).- The obtained

r.sults (Fig. 3) show, as one should change o(%- with the given one

f (i)" in ord.r to attain constancy To with the necessary degree of

accuracy.

Effect of betatron oscillations on th? isochronism. The
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I requirement of isochronism, wnicn was discussed above it related to

the particles, which mcve along tho orbit. Thq period of ravolution

of such "equilibrium" particles is determined only by the

configuration of magnetic field. dowevsr, for the particles, which

j accomplish betatron oscillations, the revolution period will depend

not only on magnetic field, out also on amplitude and phas0e of

oscillations. Calculation snows zaat this dependence carries an

oscillatory nature, morecver tne amplitude of these oscillations

decreases with an increase in the radius. Assuming that J. 2.5-3 mm,

I then (TT .li-. The ccrresponding broadening of cluster (in the

degrees) will be +-0.1 q, wnere q - multiplicity of acceleration.

i
Page 38.

The acceptance of spectrometric cyclotron proves to be small:

for example, for tha version 4-ft ma. mrad in question. With the

high currents this sets very severe limitaticns on the parameters of

the injected beam.

Effect of the nonlinearity of magnetic field. The requirement of

the separation of orbits sets natural limitation on the amplitude of

radial betatron oscillations in STs. In particular, in the

examined/considered by us version the permissible amplitude of

oscillations 43 mm. It is o uvious that with such small amplitudes the
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nonlinear eff.cts* must not beccw- apparent.

FOOTNOTE * Here havP in mind -zne effects, caused by the "ideal"

nonlinearity (resonances N/J, N/4 and the like) . ENDFOOTNOTE.

For chezking this confirmation was investigated the dependence of

phasi partic!s traj~ctcrias on tne amplitude. As it was 3xpected, the

form of phase trajectoraes and frequency *% ar_ not changed even with

the amplitudes, which noticeaoly axcee.d value indicated above.

i:

'I2
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'4

/1OO 2A?, v'i

Fig. 1. DApand4nce of "frequency" of betatron 4 on N with the sine

fluttir in field (1.ms m naximua zadius of orbit).

-04:

~i _ _ _ _ _ _ __I_ _ _I _ ,,

Fig. 2. Dependence *l on azimuthal variation in magnetic field: a)

effect of depth of variation, gs-S{ oo SO),$

Standardization: H.,2'2Ho,N.-4,I7 kOe; b) the effect of ths "form" of

variation, N-H,(I~e04_Sc i.12), Standardization "nae- eHI,,

-Iz
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' Fig. 3. DepeAndence Df the period of conversion of particles in the

cycl-otr-)n on the "middle"l f ield

I -" a'  710 cm; 2 - M-N=; -'VW-: 55 cm;H H cos40),

17

a i2: period
4 A



•DOC . 80069303 PAG

l i 4 tl
/ 7 38 3 IN 2 3 8/6

(,JUMep o6poma

I i 160!I I I I l

Nouonp o60/po17?

Fig. 4. Particls trajectcry, accelerated in STs.

Key: (1) . Diagram of the iayout ot des. (2). Number of revolution.

Page 39.

2. Dynamic mode.

Special featurs/pcuiiarity oz dynamic behavior in the. cyclotron

g '1I
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- discrete/digital character ox the set of energy. During the

discrat-/digital s-.t of enarqy tna orbit abruptlyly changes its

position, as a result or wnicr. are excited, the induced, so-called

"slot-ed" oscillations iitn tai fraquency of external force (in this

case with the frequency, to multiple of accelerating slots). The

presence of radial and verticai components of HF-field will also lead

to th-. excitation of osci.Ldt-.ons; however in contrast to tha slotted

oscillations particl- mcmenrtum in this cas= virtually is not changed.

I: is obvious that these oscillations do not represent large danger,

* since they are equivalent to the U stortion of equilibrium orbit.

Dangarous can be the oscillaticns, excitid with the frequency, close

to the frequency of betatron. la order to exclude thew, the

accelerating slots must be arrangea/located perpendicularly to orbit.

For checking the expressea considerations were calculated

s.vpral vqrsions of STs, 4hicn aza characterized by a number and an

angular extent of dees. Calculation was performed under the

assumption of the infinitesimal.ly narr-w accelerating slots and

precise isochronism. Fiy. '4 y ivs the typical particle trajectory

which shows that the amplitude ci oscillations in the process of

accelgraticn dogs not grcw/rise.

,1 3. Effects of space charge in the spectrometric cyclotron.

:i !
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In thA sp-ictrometric cycioron thi sffects of space charge have

a series/row of special features/peculiarities. First of all, the

nearness of resonances wh.Lca sets limitation on the value of

"transv ls" chargi in the cluszars. In the second place, the close
. i '

tolerince for the s ead of partac.es on the energy leads to the need

tcr considering the effect of tne "longitudinal" charge of clusters,

sinc-. this charg _ can sustan-cially increase the energy spread of

particles in the cluster.

in the ve.rsion in 4uestioa "transverse" charge does not exert a

substantial influence cn particle aynamics up to the currents 200-300

S pA. Danger can reprsanT "ilongitudinal" charge. Actually/really, if

one assumes that particLe distributio, in the clusters uniform, then

the fraction/portion of particies which will obtain a supplementary

energy gain, which exceeds that Eermitted (in our case of 10-0), it

will compose 60-70o/o. Tc decredse this effect is possible by an

incraas3 in tha radius cf STs, and also by the appropriate selection

of the form of accelerating vcltage.

P4
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96. ANALYSIS OF PARrICuI a olON IS A PROTON SYNCHROTRON WITH MAGNETS,

WHICH HAVE A VERTICAL ELAINE OF SiMLIETRY.

A. I. DzP.rgach.

(Radio -ngin=i-ring irstituta of thd AS USSR).

.'radi-ant magnets wita tha vertical plane of symmetry for the
{

proton synchrotron with the tie strong focusing [ 1-4] make it

oossibl3 in certain cases to obtain gain in the value of field on

30o/o in comparison with tha usual magnets. Gain is obtained because

of the vectorial addition of dipola and quadruDole the component of

field in ouerating regicn, whicn leads to the relatively smaller

values of induction in tha poles of iron magnets or to the decrease

of th3 dnsity of ampere turns tor the iron free (superconducting),1
magnets. This makes it pcssible uader prpscribed/assigned focusing

strength to increase bending rield or in the prescribed/assigned

field to raise focusing strength.

Tha effqct of disturbancas/parturbations (error for fi-ld and

gradient, thq shifts/shears of magnets, etc.) on stability of motion

of particles proves to be virtually the same as in the usual magnets

with tha horizonta (median) plana of symmetry.

1
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Tha linc.arized equations ot ta'- excit'.d betatron oscillations in

the magnetic field with tae indicas of the decrease

__5Z m= BO 82 u

taie the form

.,".--, + tyow - ['e- 2(,om + m)]S-

Accepting further n0=1/2, we will obtain equations in

coordinates u, v, which correspond to the axes/axles, turned on 450

relative to axes/axles x, y:

u(-2(- uej ++u+ -in ;
v'(m+ )--~f y .- V- 2(.

%0L) -( 2M - ir&6+judm - [~
- Uro- "r , 0 .

Page 40.
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Th iffact of momentum errors, according to (2), is described by the

equations

P(3)

R2P0 Y Pa'

whera oo i. . it laas to a usual change in th- frequencies

of betatron AQ/Qi_:P and to tne expansion of equilibrium orbit

PO Furtherw.)re, are as in tha usual system, oscillations withP0

the fr-equency of alternation F- and D- magnets and the same amplitude

as ia t.ts usual system. Tho components of these oscillations are

dict9- along the axes u, v, so tnat for the particles near x axis

the rasulting oscillation is oriented along the axis z, for the

particles near axes/axles u, v - respectively alon4 the axes u, V,

and for the particles near Z-axis - along the axis x. The effect of

;rrors iB2 for field, according to (2), is described by the equations

" B0.{ (4)

showing that thi errors for field produce in orbit tha same action as

in the usual system.

The effect of errors 6m o gradient is described by the equations



DOC =80069303 P A G./

i.e., has the usual character (e1tfect no is taken into consideration

below). Th- effact of the snifts/saears of magnets E, on the

horizontal and thg vqrticdi liai or corresponding shifts/shears

-( / u-( - )[J alcng the axes u, v according to (2) , is

described by the equations

-(M - t ) u-- dr-mou ,,- Modu ,~ u- 0 Bu, (8)

1r"+(m.+j)V--8u+m0 BVu mrAh,

i.e. virtually the same as asualiy; Finally, the effect of

inclinations/slopes 9 of magnets relative to orbit, according to

(2), is described by tha equations

(7)

where it is accepted 8N--m, . The comparison of the low-frequency

components of equations (7) and equations [5]

+ Z;(8)

for the usual system shows that the effect of the inclinations/slopes

of magnets in both systems approximately/exemplarily identical.

Thus, to linear system with the vertical plane of symmetry are
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not characteristic any specific unpleasant effects: allowances havy-

usual order of magnitude. I-- is possible to assume that the

allowances on the nonlinearity will also have usual values.

Tha author is grataful to E. I. Burshteyn and A. A. Vasil'yav,t

for the attention to th-,s worK.
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Discussion.

Yu. G. Basargin. What advantages does have the structure examined in

comparison with the structure with the divided functions?

A. I. Dzergach. The advantage: it consists, first of all, of the fact

that it is possible to obtain a somewhat larger value of middle

field. For example, for tne accepted in the report structure for the

A accelerator on 1000 GeV field oy approximately 5o/o is more than in

the analogous accelerator with the dividsd functions. This gives the

2i
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possibility to reduce a radius of accelerator

approximately/exemplarily in tnt same sense.

V. G. Davidovskiy. We exam3ned magnets of this type in 1965-1968 when

selecting of the versicn of accumulator/storage VEPP-3. It turned out

that such syst-ms from tne poinz oi view of the particle motion and

allowances possess no advantages in comparison with the usual

systems. The model of magnet was pcepared and investigated by B.

Levichev. It was explained that in the strong fields appear the very

essential nonlinearity, so that is required considerable correction.

As a result of gain in the value of middle field in comparison with

the compactly carried ouc systems with the divided and semidivided

functions it is not obtained, out appear inconveniences with the

commutation it is such.

In the cass of electronic synchrotrons and accumulators/storage

the quantum fluctuations of radiation/amissicn lead to the fact that

the beam becomes not flat/plane, but it is thickened, as a result of

which the luminous density wita clashing beams falls. It is necessary

to introduce special lenses for thinning the frequencies on both

Sinclined axes/axles.
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97. STUDY OF THE STABIL.TT OF ACCELEBATION OF AN INTENSE BEAR IN A

MICROTRON.

Ye. L. Kosarev, L. B. luganskiy, V. No. elekhin.

(Institute of the physical problams of the AS USSR).

At those values of the currents which are achieved/reached in

the uicrotrons, the field, aimed by clusters with the flight/span

through the accelerating cavity, is compared with full/total/complete

accelerating field. Interaction beam - resonator is conveniently

estimated with the aid of the parameter of high current qe, of equal

to the ratio of power accelerated bean Pe to the power of the

excitation of resonator Pw. In practice this parameter attains values

1*.w3 and interaction beam - resonator is substantial.

I.
in our works [1-3] are theoretically and experimentally

-investigated two mechanisms of high-current Instability in the

microtron. one of then is connected with the fact that at the

!
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specific values of equilibrium phase in the microtron occurs the

driving of phase oscillations, caused by the nonlinearity of phase

equations. This driving leads tc the fact that on the "volt-ampere"

characteristic of microtron, i.e., to the curve, that is determining

the dependence of the accelerated current on the amplitude of

accelerating voltage, appear &4ailures/dips/troughs and sections with

the large negative slope/transconductance. In such sections appears

the high-current instability, caused by the negative differential

conductivity of beam.

Another mechanism is caused by the detuning of resonator,

introduced by beam, and which leads to the development of

instability, if the frequency of resonator with the beam is lower

than the frequency of the exciting generator. The physical sense of

this instability consists of the following. Electron beam in the

microtron increases the natural frequency of resonator. With the

random decrease (or an ircrease) of the power of beam the frequency

of resonator decreases (cr increases). If in this case oscillator

frequency is selected atove frequency of rescnator with the beam,

then the change in the detuning of resonator, caused by a change inUi the power of beam, will cause further increase (respectively

decrease) in the detuning. Dua to this the amplitude of accelerating

field and the power of keam decrease (respectively they increase). As

a result of the development of this process with the sufficiently
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large initial beam current appears the instability.

The experimental analyses of stability of acceleration were

carried out on the micrctzon of the IFP of the AS USSR with 30 orbits

with the energy of beam to 30 MaV and the current to 80 mA in

impulse/momentum/pulse [4].

The first mechanism or instability is investigated in work [ 2].

Fig. 1, depicts the dependence of the accelerated current on the

eighth, the 15th and 28th orbits ca the equilibrium phase, taken with

currents less than critical ones, and an energy gain per revolution

0.6 MeV. As is evident in tue figure, for the data of orbits the

curves have sharply prcncunced nonmonotonic character. The reason for

the appearance of failures/dips/troughs is shown above, and the

supplementary lift of curve in 8th orbit with the large amplitudes of

1field is connected with the existence of the new regions of phase

stability [5]. In the sections of the drop of the volt-ampere

characteristic of microtron stationary acceleration mode is

impossible, if current is more than critical, since occurs the

disruption/separation of acceleration mode, caused by instability.

Critical current, with which oegins the disruption/separation of

acceleration mode, was measurad in different orbits. In the

measurements the resonator, loaded with beam, it was adjusted
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accurately for the frequency of tha exciting generator. The results

cf measurements are shown in Fig. 2, where curves 1 and 2 correspond

to sections of I and 2 curves of Fig. 1. The emergence of instability

was fixed/recorded on the osc.illograph. As can be seen from Fig. 2,

critical currents decrease with an increase in the number of orbits:,

once in 10th orbit, they are small (about 50 mA), and in the 28th

orbit compose a total of several mIlliamperes.
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Fig. 1. Fig. 2.

Fig. 1. Dependence of accelerated current on equilibrium phase.

Fig. 2. Dependence of critical current on number o~f orbit.

Key: (1). mt.

.1
Page 42.

The instability, caused by the negative differential

conductivity of beam, directly dces not limit the accelerated

current, since it is absent from the left slopes of volt-ampere

Lj
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characteristics (sections with the positive slope/transconductance in

Fig. 1). With the large accelerated currents the work of microtrons

in the pulsed operation is possible only in equilibrium phases T, of

3those corresponding to the left-most slope (to the first maximum),

since whereas in the first collapsible/dropped section occurs the

disruption/separation cf acceleration mode and large equilibrium

phases cannot be realized. This leads to the contraction

approximately/exemplarily 2 times of the region of the equilibrium

phases, in which is possible the acceleration of high currents. The

obtained result is essential for the microtrons with a large number

of orbits, for the sectional amicotrons with a large energy gain per

* revolution, and also for cont.Lnucus micrctrons with the

superconducting resonator.

The high-current effects, connected with the detuning of

4 resonator, introduced by beam, are calculated in work (1] and are

experimentally investigated in wcrx (3]. Fig. 3 gives the results of

the static measurements cf the amplitude of field in the resonator

}I (lower curve) and accelerated current with a change in the adjustment

of resonator. The double-humped character of curves is connected with

the fact that was utilized the eccantric mechanism of adjustment,

which has two operating Eositions. Lower curve is taken with the

switched-off injector. The following curves (down-up) show the

dependence of bean current ia 20th orbit with the energy 18 MeV on a V
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change in the adjustment ot resonator at different maximum values of

the accelerated current - 13, 27, 33 and 40 mA. From the given

records it is evi.dent that the domain of existence of stable

acceleration mode in acccrdance with theory ri], is arranged/located

with the negative detuning of rescnator (when its frequency higher

than frequency of magnetron), moreover the width of this region

incraases to the side cf aagativ4 detuning with an increase in the

current. These measurements snow that the effectiveness of

stabilization increases with an increase in t.he power of the

accelerated beaa.

For conduct.ng the dynamic measurements was applied the

following procedure. Was studied the reaction of the beam of

microtron to the artificially created slight disturbance of the

falling/incident power. The i-$ulses/momenta/pulses of the

disturbe.ce/perturbaticn with duration about 0.25 js were included

with the accurately kncwn and ccutrolled delay relative to the front

of the basic boosting izjulz# aueing aach second main impulse. This

4 method gave the possibility tc differ the reactio: of beam for the

stippliqd disturbance/perturbaticn Z.om different focusings/inductions

and interferences, which act "uring the impulse/momentum/pulse.

Ir. he eqilibrium phase smaller than the optimum (left slope of

volt-ampere characteristics in Fig. 1), interaction of beam with the
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resonator must lead to the siabIlization of acceleration mode on the

left slope of resonance curve. And actually/really, on the shown in

Fig. 4 and 5 oscillograms of the reaction of beam to the

impulse/momentum/pulse cf disturbance/perturbation, it-ken at the

value of equilibrium phase 9).s 0,23 and with the beam current 27 mA

for two values of the frequency cf adjustment pe.f ma. +0.8 by IHZ

and 4- p ar. is evident that in the second case of the stability

of beam less, steady state is e.tablished oscillatorily with a small

decrement. The correspcndizg oscillations/vibrations in the detuned

cavity on the left slope of resonance curve are overdamped.

The obtained results lead to the following conclusions. At the

values of equilibrium phase, which correspond to the falling/incident

sections o- volt-ampere characteristic (Fig. 1), the work of

imicrotron with the sufficiently high currents is unstable with any

adjustment of resonator. This leads to the contraction

approximateiy/exemplazily two times of the region of the permissible

equilibrium phases. If equilibrium phases correspond to the

increasing section of vclt-ampere characteristic, then the work of

microtron with the high currents is stable only on the left slope of

resonance curve.

With satisfaction of the stability conditions (left slope of

volt-ampere characteristic and left slope of resonance curve)

:1t
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indicated the investigated by us high-current effects do not lead to

the limitation of the accelirated current in the acting pulse

ricrotrons.

For the continuous microtrons with the superconducting resonator

are necessary supplementary both theoretical and experimental

studies, in view of the very high values of their own quality in

comparison with the usual resonators.

,1
I

t.

4 4
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F ig. 3. Domains of existence of stable mode/conlditionls in the

microtron with the hi a current of bean. Detuning of resonator

At +M mah recording of the~ amplitude of accelerating field

in the empty resonator with a change in its adjustment; 2 - change in

the current strength of beam with a change in the frequency of

resonator, Maximum current 13 mA; 3 - maximum current 27 ma; 14-

mazinum current 33 mA (left maxionm) and 27 mA- (right maxinum); 5-

maximum current 40 mA.
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Key: (1). MHz.

Page 43.

i
The authors thank academician P. L. Kapitsa for the attention

and the interest in this work and S. P. Kapitsa for the discussion of

this work and the useful observations.

ir

2 ,!

I

[4-



.........

DOC =80069304 PAGk.

AA

Fig. 4. Reaction of beau to tae iipulsS/Uomentum/pulsS 
of

distllrbafce/perturbaticn, fzequenCY +O -mt +, mH:, beamu current 27

*A (lower ray/beam) . Upper ray/beam falling/incident power.

Scannaing speed 0.5 p~s/div.

4 1N

fig. 5. Reaction of bean to impulse/m5ntum/pulso 
of compensation

~pe u~~bean current 21 MA.

4,I
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Discussion.

*1
A. K. Belovintsev. How is determined the form of the volt-ampere

characteristic of this microtron?

Ye. L. Kosarev. The form of volt-ampere characteristic is determined

by dependence of the size/dimension of phase stability region on the

equilibrium phase and by filling of this stability region upon the

injection.
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I A. M. Shenderovich. Is it possible to in greater detail explain the

physical mechanism of the instability, connected with falling

characteristic I=f (0)?

Ye. L. Kosarev. Mechanis- does nct differ from the mechanism of the

excitation of radio-frequency generators on negative resistance.

N. I. Mocheshnikov. What Lt is possible to speak about a change in

the energy spectrum of heam during the development of instability?

1 I Ye. L. Kosarev. Energy s ectrua does not change with the current of

less than the critical.

.'

?
. iI

V !
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98. INSTABILITIES OF THE BEAN OF THE BROOKHAVEN PROTON SYNCHROTRON

CAUSED BY INTERACTION WI1H A HIGH-FREQUENCY SYSTEM.

M. K. Barton, Ye. K. Rak.

(Brookhaven national labcratory, Apton, New York).

In accordance with the program of the alteration of Brookhaven

synchrotron the high-frequency s, em of neck ring underwent

considerable changes. The purpose of these changes was the carrying

out of power amplifiers from the ring. They were transferred into the

central building, and a supply of 12 individual resonators they began

tu accomplish/realize wita the aaa of the coaxial lines.

After the setting u, of thts system were soon discovered the

instabilities of bean. these instabilities best anything are

described as coherent phase cscillations in the modes for which

different clusters have different phases. Fig. 1 gives the

oscillogram of radial signal on cne of the signal electrodes,

obtained soon after the emergence of instability. In proportion to

the development of instatility becomes noticeable also its effect on

the form of the cluster (see Fig. 2 and 3). This instability has the

AJ
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distinct threshold (about 5x10'1 the protons).

Page 44. |K
Scarcely higher this threshold was observed build-up/growth far

beyond phase transition. At the higher intensi.ties the

build-up/growth occurred at the earlier moment/torque in the cycle of

acceleration. At the intensities of the order of 101? protons the

build-up/growth was cbserved to the phase transition, but further

increasa in the intensity did not lead to noticeably the earlier

emergence of instability. After the achievement of amplitudes of

approximately 1 cm the build-up/growth ceased and was not observed

the noticeable losses cf particles. The effective width of beam,

determined by this instakility, grew/rose to the value, too great for

the channel rapid a conclusicn/output and leading to the series/row

of difficulties during the introduction of targets and the slow

conclusion/output.

In order to understand the mechanism of this instability, should

be first examined the gecmetry cf the resonator, shown in Fig. 4. The

capacity/capacitance, utilized for obtaining the resonance on

ferrite, is displaced from the real position of clearance toward the

introduction/input of the teeding coaxial lines. In this position

these capacities/capacitances serve as coupling transformer, which

t~J,
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agrees impedance of rescnator with the impedance of line. However, in

this case is introduced the stray inductance of the busbars/tires

between the trimmer capacitors and the accelerating gaps. As a result

in each accelerating gaF appears the impedance, as can be seen from

equivalent diagram in Fig. 5. When cluster passes through the

accelerating gap, it induces the stress/voltage
' V -tlte- / e- t F (u), , (

C

received by the following cluster at the ioment of time t. Here q -

charge of cluster; w. - the resonance frequency of idle mode; c -

its shunting speed, and r is connected with its quality Q with

expression t-2Qlw. F(w 6 ,3) - the function which describes, is how

effectively the cluster of width a excites resonance. For example,
assuming that the cluster has Gaussian form, then F-e -4 '2. As the

proof of the fact that such stresses/voltages exist, can serve

cscillograms in Fig. 6. from the figure one can see that in the

signal, induced by beam on the separate resonator (adjusted to the

resonance with -4.4 MHz), is present the large fifth harmonic.

Measurements with the spectrum analyzer show that the amplitude of

fifth harmonic is apprcximately/exemplarily on 10 dB lower than the

amplitude of the fundamental frequency of -4.4 MHz.

ij
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A--

Fig- 1. The oscillograms of the signals Of pick-Up-electrodes, which

meaurethebeam current (it is above) and the raia osto

(below).

Scale value -2 ps. ?tiotograjkh is made after the establishment

1
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~~010

U. 6

Fig.2. he ameas in Fig, 1, not with very slow sweep.

Scale value -2 las.
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1-~-a

Fig. 3. The oscillogram, analogous Fig. 2 with that difference, that

the signal of a pick-up-electrode was gated, so that was observed

only one cluster of twelve. Clearly evidently radial motion with the

frequency of phase. In all cases is essential modulation of

difference signal; modulation of total signal indicates oscillations

of the form of cluster, caused, apparently, by nonlinearity.

Page 45.

case the connected equations

where AW is determined by the stresses/voltages, described by

equation (1) and corrvispondizig dynamic coefficients

I3
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Here V - incremental stress in cne revolution; T$ - equilibrium

phase angle, and Vj - stress/voltage on cluster I, created by

cluster J in accordance wita equation (1); N - number of rescuators,

and Qo - frequency of small pnasa oscillations. It should be noted

that if the clusters are Ldentical, then coefficients A1j depend

only on I-J so that system it is cyclic and normal modes are the

roots of the twelfth degree of unit. The solutions we search for in

the form IM, -1p, in 9, ' TI e

for moda M, 14M412,

nmM .oO+6raM

Solving equations cf motio- relatively 6am, we will obtain

6 M 2Q -AM(-) /

)

hi
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~ Iclearances along the sides.
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Fig. 5. Diagram of equivalant ccntour/o'itlin. for the resonator

clearance.

Key: (1). Busbars/tires. (2). Ferrite. (3). Actual gap capacitance.

(14) . Line washing.

w"
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Page 46.

The real part of the frequency s.bift/shear is connected with the

threshold. The analysis cf dispersion equation shows that if this

frequency shift/shear is compared with the scatter of the frequency

of phase oscillations in the beam (about 1o/o) or exceeds it, then

must occur instability. The alleged part of the scatter of frequency

gives the rate of growth iu the kresence of instability. Are given

below the corresponding parameters for the Brookhaven synchrotron:

intensity ... of 1012 protons.

Number of harmonics ... 12.

Frequency of phast oscillations (J2W ... 300 Hz.

Energy, acquired for one revolution ... 200 keV.

Equilinrium phase angle ... 1500.

Number of accelerating gaps ... 24.

Capacity/capacitance of the accelerating gap ... 50 pF.
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Frequency of idle icde ... 4.8.

Quality of idle mode ... JO.

Width of the cluster ... 15 ns.

Mona 'acTomI g caimr BpemA HapacTa-
(I ru QH2 HIM. Mcex (4/

1 10,5
2 11,1 35,9
3 7,9 11,0
4 -7,2 13,3
5 -7,7 40,9
8 -6,3 127,8
7 -5,88
8 -6,3 -127,8
9 -7,7 -40,9

10 -7,2 -13.3
11 7,9 -11,0
12 11,1 -35,9

Key: (1). Maud. (2). Frequency skift/shear H5. (3). Rise time, ms.

Parameters these are determined very approximately; however, it

is clear that there are unstable modes with the properties, analogous

observed at times of the build-up cf the order of several

milliseconds.

In order to eliminate this instability, it is necessary either

to decrease the coupling coefficients A t or to increase the scatter

of the frequency of phase oscillations in the beam. The first

possibility can be realizad, after changiag coefficient of F in

equation (1). Resonators were mcdified, as shcwn in Fig. 7. At
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present the resonance frequency cf the idle node of resonators is

increased to -50 MHz, and its quality is lowered to -12. The expected

improvements in the parameters of accelerator are given below.

Frequency of idle node ... 11.6.

Quality of idle Rcde ... 12.

All remaining parameters did not change.
,Miona qacToTrrS CnBHr BpeMs HapacTa--

(0ru (V NSD, M 2
1 0,19
2 0,17 1788
3 0,11 977
4 0,Ot2 784
5 -0,09 836
6 -0,18 1366
7 -0,22 00

8 -0,18 -1366
9 -0,09 -83

10 -0,02 -784
it 0,11 -077
12 0,17 -1788

'I Key: (1). Node. (2). Frequency shift/shear Hz. (3). Rise time, 2s.

;y

I
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Fig. 7. one of the rescaators, modified for the purpose of the

depression of instability. The capacities/capacitances of(

connection/communication are displaced nearer to the real clearances,

which leads to a reductica in the inductance between the clearances

and the trimmer capacitcrs.

Page 47.

After the realization of these modi-fications in the Brookhaven

4 synchrotron the instability disappeared. It is possible to assume
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that this solution is useful up to intensities l0t3 protons per

I) pulse.

A similar instability was observed also cn the accumulator ring

"Adone" in Frascati.

We are grateful tc K. Pellegrini for the granting to us of the

unpublished data on "Adoce", and also to E. K. Kurant and to A. S.

Sessler for the useful discussions.

Discussion.

V. B. Stepanov. There are auy special features/peculiarities and

changes in the diagram of the filaal stage of the hf supplies,

connected with the strcng bean 1cad?

. Barton. No changes, besides those which were connected with the

carrying out of the final stage into tho separate building, it was

not made.

IK. reich. me it would like to add that the analogous instability was

observed in the protcn synchrotron of CERN and was suppressed by a

somewhat different method.
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99. INVESTIGATIONS OF PARTICLE DYNAMICS IN A STRONG-FOCUSING SYSTEM

BY THE METHOD OF SIMULAIION ON COMPUTERS.

V. N. Sidellnikov, N. A. Sozon, N. L. Sosenskiy.

(Radio engineering institute of the AS USSR).

1, Introduction.

'! The study of particla moticn, accelerated in the proton

synchrotron, on computer presents difficulties, connected, first of

all, with the considerable machine time, necessary for such

investigations. Thus, the integration of system of equations, whicL

describe the betatron cscillations/vibrations of one particle in the

imperfect strong-focusing system, by Runge-Kuttags method on computer

BESM-6 requires on the average several seconds of machine time for

the revolution of particle. Thus, during the study of particle motion

during the cycle of acceleration are required times on the order of

4 hundreds of hours. The necessary machine time becomes completely

fantastic during the investigation of the more complicated phenomena,

such as the effect of the proper field of beam, etc.

-4 - "- . .. ...... . ., - , . _ .,.... . . . . . . . .
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However, after turing from the examination of the studied system

to precision/accuracy, and replacing by certain its model, it is

possible to 2 orders) tc substantially (more than reduce the required

machine time. In this case it is important so that the model,

generally speaking, which differs from the studied system (beam of

particles, which move in the strong-focusing field), would not differ

from a precise system in terms cf those its properties for

$investigation of which this model was intended.

In the report are briefly examined two versions of the digital

model of bundle, intended for the study of nonlinear transverse

vibrations of particles in the proton strong-focusing synchrotron-

varsion for the study of ths motion of the noninteracting particles

(single-particle model) and version for study of particle motion

taking into account the effect of their interaction (multiparticle

model). Furthermore, are given scme results of simulation.

2. Single-particle model.

The need for long machine time during the integration of the

system of the differential equations, which describe particle motion

in the proton synchrotron, is caused, first of all, by the fact that

the particle is subject to the influence of forces from the side of

magnetic field virtually ior entire elongation/extent of its motion.
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It is reasonable to assuse that the replacement of real forces by the

forces, which act at the separate chosen points, could give essential

savings in the machine time.

Let us examine the model of bundle, based on the replacement of

the real focusing structure of accelerator by the structure which

consists of thin magnets arranged/located in the centers of the

symmetry of the focusing and deiocusing sections of real magnet

blocks. From the point cf view cf simulation it is important to

determine the parameters of the focusing structure of model. in which

the fundamental characteristics of the transverse nonlinear

vibrations of particle in the accelerator and the model maximally

coincide, and to also rate/estimate the errors, which appear as a

result of replacing the atructure.

Simple analysis makes it possible to make following conclusions.

For the case of magnetic field without the disturbances/perturbations

the parameters of the focusing structure of model and the initial

conditions of injection can be selected by such that the frequencies

of horizontal and vertical betatron oscillation/vibrations, and also

amplitude of smoothed transverse vibrations in the accelerator and

th. model would be equal with any prescribed/assigned degree of

accuracy. In this case a maximally possible difference between the

form factors of accelerator and model composes -7.7o/ol.
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FOOTN'TE * Ye. Kurant, Kh. Snyder. PSF, 1958, No 1, 91. ENDFCOTNOTE.

Page 48.

For the case of tke magnetic field, agitated by multipole

components in the form cf uncorrGlated random functions of azimuth,

the functions, which are determining the dependence of the amplitudes

of smoothed transverse vibrations on the azimuth, for the accelerator

and the model can have the quantitative differences not exceeding

0. 1o/o for the purely di.;Fo.e disturbances/perturbations, 0.2o/o for

quadrupole, 8u/o for sextupole, and 10o/o for the octupole

distu rbances/perturbat icts.

3. ultifrequency model.

Let us examine the model of an unbunched bundle, which considers

incoherent interaction cf particles. model is constructed on the

following positions, which differ it from the real bundle: 1) the

real focusing structure is replaced by the structure, which consists

of the thin magnets; 2) real bundle is replaced by the system, which

consists of the finite number (not more than thousand) of linear

currents; 3) the account of the effect of the forces of
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electromagnetic field of buadle to the linear currents it is

conducted in the center of each interval between two adjacent thin

magnets; 4) for calculazing the forces of electromagnetic field of

the system of linear currents is conducted its approximation at the

first and second moments/torques by elliptical cylinder with the

continuous current distriDution.

AnalytLcal estimation of error, caused by the replacement of

real buikdle by its multiparticle model, is very complicated.

Therefore this estinaticn was carried out experimentally on the

computers.

4. Some results of simulation.

In RTI of the AS USSR were created and fixed the programs in the'I
'language FORTRAN, that ccrrespond to the single-particle and

multiparticle models of hundla. work with these programs on computer

BESM-6 showed that the machine time, necE sary for the simulation of

the motion of particle in one revolution, does not exceed 0.04 s,

which to two orders is less than during the use of a routine of

integration for Runge-Kutta's method. The simulation of the motion of

1%am taking into acrotn t interaction of particles requires not more

than 3.5 s machine time for the revolution with the approximation of

bundle 100 by linear currents.
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Were solved tasks, for which is known the precise analytical

solution: free oscillaticns/vibrations, forced oscillations far from

the resonance and at the r9sonance values of frequencies of the

betatron for the different type cf disturbances/perturbations. A

difference in the results of simulation from the exact solutions did

not exceed 10o/o in the amplizuaes and 0.1o/c in the frequencies.

For the purpose of thq estimation of error in the simulation of

interaction was carried cut the solution of one and the same problems

for a different quantity of linear currents into which is

divided/marked off real bundle, and for a different number of points,

at which are considered the forces of electromagnetic field of

bundle. It turned out that the results of simulation virtually depend

neither on a number of linear currents, if their quantity exceeds

value on the order of 100 nor from a number of points, at which is

considered the effect cf electrcmagnetic field of bundle, if a number

of these points is not less than one to the interval between two

adjacent thin magnets.

On the multiparticle model was carried out the study of the

process of passage through tha whole resonance under the effect of

the space charge of bundle for different means of the random
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disturbances of the magnetic field of the proton synchrotron of the

RTI of the AS USSR. In the figure as an example are given the

dependences of the marisua values of the first and second

moments/torques of bundle from the speed. The integration of

* j equations of motion was conducted in the interval of the variation in

the frequencies of the particlez from 5.9 to 6. 1 with the random

disturbances of field with which the rms value of excursion of closed

orbit is equal to 2./o from the semiaperture, and the ros values of

width of resonance bands were equal to 0.01. The curves of figure

Ucorrespond to average/mean values on 10 realizations of random

functions.

The authors hope that this work will draw specialists' attention

in particle accelerators to the great possibilities which

open/disclose digital simulation in the accelerative technology.

[Ii
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Passage through the vhcla resonance in the presence of dipole,

quadrupole and sextupole disturbances/perturbations M, Mv z the

first moments/torques of bundle n the fractions of semiaperture;

M=z)M - central seccnd moments/torques of bundle; ,)Q7 -

frequency of betatron; S speed of bundle.

Page 49.
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Discussion.

A. N. Didenko. In the real accalerators there are resonances, distant

to value 4, compared with the izecision/accuracy of your method. It

is possible whether, utilizxng your method of simulation, to obtain

the results, which characterize the effect of such resonances on the

particle motion?

N. L. Sosenskiy. It is pcssible. In these cases it is necessary to

use the approximation of redi magnet by a large number of thin

magnets (tto, three. etc.). In this case, however, increases the

necessary machine time.

V. V. Tsygankov. In what there was the purpose of the work? Which

order of magnitude of nonlinearity and is substantial their effect?

N. L. Sosenskiy. The basic purpose of the work consisted of the

investigation of allowances on the nonlinear

disturbances/perturbations of magnetic field in the accelerator of

the RTI of the AS USSR tc the energy 1 GeV, which is necessary for

developing the systems cf nonlinear correction.

The effect of nonlinearity was essential.
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V. G. Davidovskiy. How many revolutions were outlined?

N. L. Sosenskiy. For purposes of our investigations it was simulated

the order of several thcusand revolutions.

Ye. L. Kosarev° How machine time of the calculation of one revolution

in the single-particle approximation/approach?

N. L. Sosenskiy. Count tiae on tha conputers B3SM-6 of -0.03 s for

i one revolution of particle motion with a number of magnets 100.

Ye. Regenshtreyf. How far it is possible to use the extrapolation of

your low-energy into the region program and under what conditions?

N. L. Sosenskiy. Investigatio-, ware conducted for the energy of

injection, equal to 1 MeV. For lcwer energias the estimations were

not conducted.

:

i,
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100. ELECTRON ANALOG OF THE CIRCULAR CYCLOTRON.

A. A. Glazov, V. P. Dzhelepov, V. P. Dmitriyevskiy, B. 1.

Zaolodchikov, V. V. Kcl'g, D. L. Novikov, L. M. Onishchenko.

(Joint Institute for Nuclear Research).

The constantly growing raquirenents for the precision/accuracy

of physical experiment cause the need for the creation of

I i and experiiental studies of the possibility of designing of such
accelerators with all by aigh currents and stimulate the theoretical

i accelerators.

In the laboratory of nuclear problems in the beginning of 1968

was put into operaticn election analogue of new type accelerator -

i I relativistic circular cyclotron with strong focusing (1].

i J Model has an identical to the proton accelerator being simulated

final energy and a set of energy per revolution (in the energy units

of rest) and also fraquency of betatron and phase width of cluster.

iI 'i If we proceed from the assumption that the current strength in

I(
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the accelerator is limited to weakening transverse focusing due to

the action of space charge, then under conditions indicated above

current in the proton macaine being simulated is connected with the

current of electron analcgue with the relaticnship/ratio

. .. vb ., .... _ _ ... zi n . A __ A_. (1 I
le  eve ' 40 m0e 6 too Ba Ate

where w and Az - frequency of revclution and height of bundle; o -

mass ot particle, Bo - magnetic field, eV - set of energy; index p-

relates to the protons, e - to the electrons. Magnetic field in the

model on a radius of injection is equal to 14 G; if we accept for the

Iproton machine 30=4200 G and 2, then the. coefficient of

simulation in current PI/ - 600.

Basic parameters of electron analogue following:

Energy of the injection ... _6 key.

Radius of the injection ... -- 18 cm.

Final energy .. 4 - '09 keY.

I The terminal radius . 100.7 cm,

FrequAncy of revolution ... f=39.475 kHz; .,-

,121,2 cm; Q , 1,045*2; Q~-
1,15 1,32.
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Ifie system of injection into electron analogue (2] provides on a

radius of injection currant in the form of microclusters in amplitude

to 20 mA and by duraticn of 2.0 as.

Nodel has besides continuous also pulsed operation mode, which

is reached by modulaticn of iajectcr or accelerating voltage or that,

etc. simultaneously.

Is at present on the terminal radius of accelerator obtained

average/mean current 600 yA, which corresponds to the current of

protons 300-400 mA. The dependence of current on a radius is shown on

Fig, lA, be

Fig. ic shows the dependence of the electron density on a radius

(curve I), defined as [3)

In the same figure (curve 2) is shown the dependence on a radius

of the maximum density, determined from the condition

Q~ ~ T (N)4~

where 'mt-e2/4% o2 t-13,c.]- - classical radius of electron.

During conclusion/output (3), and also (1) it was assumed that the

space charge, concentrated in the oinfinite" layer by thickness Az

I.
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reduces the frequency of bouncing Qz to the unit.

Page 50.

During the determination of density from (2) it is necessary

besides the current stxeugth to kncw also the set of energy per

revolution eV, vertical Az and azimuthal a* the sizes/dimensions of

bundle.

The vertical size/dimension of bundle was determined according

to the current distribution on tne nine-segment target, which was

written/recorded to the automatic recorder (or it was observed on the

five-beam oscillograph). Dependence A%(V)-is shown in Fig. 2a

(full/total/complete width on the half-height of distribution). On

the larger part of the radii Az do not exceed 5 m.

The set of energy per revolution was determined by the time of

the acceleration of bundle to the fixed/recorded radius in the pulsed

operation

GV- T(4)

where W(%) - energy on a radius 't(_), - the time of acceleration to

- this radius; T - revolution period. Fig. 2, in shows the averaged for

the selected interval cf radii value of the set of energy depending

on a radius with accelerating voltage 1.2 kV. This picture gives also
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representation about the motion of the phase of the accelerated

i} I bundle. Fig. 2d shows the behavior of the phase of bundle along a

radius, changed directly with the aid of the phasemeter. It is

evident that the full/tctal/complete deviation of phase does not

exceed 250.

The azimuthal size/dimension of the cluster of the accelerated

particles was measured with the aid of shielded target signal with

which with the matched cabie was supplied to the entrance oA the

istroboscopic oscillograph (simultaneously was determined the

amplitude of current). The results of this measurement are shown in

* iFig. 2b, from which it is evident that A# not not greatly strongly it

is not changed along a radius and close to 0.5 rad.

Besides the measured characteristics of bundle whose knowledge

is necessary for detertining the particle density in the accelerated

bundle, were experimentally determined the values of frequencies of

the betatron on different radii. Oscillations/vibrations (center of

gravity of bundle) were sdung by the high-frequency field which was

created by the electrodes of the corresponding configuration (by two

horizontal plates, supplied antiphase - for oscillation of bouncing;

by vertical plate and by claddings of chamber/camera - for the

driving of bouncing; by vertical plate and by claddings of

I chamber/camera- for the building up of radial oscillations). The
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supplying to the plates radxo-irequency voltage cables terminated by

the matched loads, which providal constant (with an accuracy to

200/0) stress of driving ovar a bide range of frequencies. The

reconstructed in the razge 45-1054 MHz oscillator operated on a pulsed

basis. Resonance was fixed/recorded on reduction in current cn the

target.

I)
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Fig. 1. Dependence on radius of average/sean current (a), amplitude

I of current in cluster (b)}, electton density (C).

Key: (1). IA. (2). mA.

Fig. 2. Dependence on radius of height of bundle (a), phase width

(duration) of cluster (b), set ct energy per revolution (c) ; phase

position of cluster (d).
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Key: (1). ns. (2). keY.

Page 51.

The results of measurement % and 0, are represented in Fig.

3a and 3b together with the thecretical dependences of these valies

from a radius, obtained from relationships/ratios (4]

+;-. ,- +. 0
2 (N 1-" 12N)1n

++

[ 2 N R( N 2 4 -4 n +N L

+M~ N2 -1_. ,

where n - index of an increase tn the magnetic field; . - depth;

-8 cM - spiral pitch; N=8 - number of spiral;.

Resonance frequency was iixod/recorded with thej precision/accuracy not worse than 200 kHz, so that the

precision/accurac7 of ueasureuent Q is deterained in essence by final

radial extent of plates (4 ca). Described measurements give

sufficiently complete informa4ica about the characteristics of bundle

and they make it possitle to define as particle density in the

I accelerated bundle (maximum density, achieved/reached on the terminal
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radius, is 4. 10' 1/cm 3 ), so also expected frequency shift of bouncing

under the action of spaci charge.

According to theoretical representations [5] the space charge

j must have an effect on the incoherent frequency (frequency of

particles relative to the center of gravity of bundle) of betatron,

while coherent frequency must remain constant with the high degree of

accuracy. This latter/last confirmation was subjected to experimental

check. Frequency bouncing the center of gravity of bundle was

determined on the fixed/recorded radius with a change in the current
* I

from 10 to 620 pA, which correspcnds to density change from 2.5o1Os

1/cM3 to 1.6910' 1/cm3 . The relative precision/accuracy of

measurement Q composed 0.005. Within this precision/accuracy it was

not noted dependence Q2 on the strength of current (Fig. 3c).

For measuring the frequency of incoherent was made the attempt

excite parametric resonance oy high-frequency field, close one in

form to the field of quadrupole, which, however, proved to be

unsuccessful. This, apparently, it is possible to explain by the

insufficient speed of the accelerated bundle in the zone of action of

the exciting field, In cider to overcome this difficulty, was

realized the mode/conditions oi the circulating bundle. Bundle

remained in the zone of actio of exciting fields due to modulation

accelerat.ng voltage. In this case due to finite time of the life of

LI... . .,
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electrons and deliquescence of the circulating bundle in the azimuth

bearing the charge density decreases in the time. Fig. 4a shows the

oscillogram of the signal, aimed at a pick-up-electrode by the

circulating bundle, while in Fig. 4b the same during the excitation

of external resonance (duration cf the pulse of the exciting field of

approximately 15 ps). At present this experiment continues.

ii
4
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Fig. 3. Fig. 14.

Fig. 3. Dependence on radius (a), Q7~ from radius (b), Q from

strength of average/mean current (c).

Key: (1). iA.

Fig. 4. Oscillograms of sigaal cn pick-up-electrode, aimed by

circulating bundle (scanniug,';eej? 50 ps/cm). a) in the absence of

exciting field; b) during the excitation of external resonance.
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101. SOME EFFECTS OF A SPACE CHARGE IN THE BOOSTER AND MAIN

ACCELERATOR OF THE INSTITUTE OF HIGH-ENERGY PHYSICS (IFVE].

V. I. Balbekov.

(Institute of high-energy physics).

I. A. Shukeylo.

(Scientific research institute of the electrophysical equipment in.

D. V. efremov).

, 1The projected/designed increase in the intensity of proton

synchrotron of the IPVE [1] requires the detailed analysis of the

phenomena, connected with the effect of space charge. In this work is

, examined the repeated intersection of resonances due to the Coulomb
II shift/shear of betatron frequencies. Is usually dangerous the

intersection of linear resonances; however, in booster and in main

' 1 accelerator of the IFVE are established/installed severe limitations
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for the permissible increments in the amplitudes. Furthermore, in
main accelerator is providad for prolonged - to 1.2 s - the

circulation of bean in the magnetostatic field. Under such conditions

proves to be dangerous the intersection of resonances to the 4th

order, which makes it necessary attentively to relate to the

selection of the position of operating point and the work of the

systems of correction.

The repeated intersection cf one-dimensional resonances was

examined in the series/rcw of works (2) however a strict solution of
! this problem sutficiently complicatedly and leads to the bulky

results. The target of this article consists in the fact that, on the

basis of some simplifying assumptions obtaining of the formulas,

suitable for the rapid evaluations oe the effect of any resonance.

Examining accelerator with high intensity, it is possible to

Udisregard the dependence of betatron frequencies on the

inpulse/momentu/pulse and to consider only Coulomb shift/shear. From

Ii the following it will be evident that when spread along the

impulses/moenta/pulses proves to be essential, its effect it is not

difficult to rate/estimate. We will not also examine coherent Coulomb

shift/shear, since it usually is considerably less than the

incoherent. During the calculation of the ltter it is possible to

disregard wall effect which give relatively small contributin.
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In these propositions the shifts/shears of the betatron

frequencies from rating values Q,02ro are connected with the

relationship/ratio

with the constant t and AQ2 oscillating with the double frequency of

the synchrotron oscillations/vibrations between the extreme values:
(A0.z)a ", q ( iL.)min-AQ.('I-c')"'I, (2)

where a - relative amplitude of the synchrotron oscillations (it is

assumed that the phase density is permanent, and synchrotron

oscillations they are linear).

An increment in the amplitude during the single intersection of

resonance is determined by the sped of intersection, for which is

obtained the estimation:

d~s

where s - arc, measured along the equilibrium orbit; As - path,

passed by particle for fourth of period of synchrotron oscillations,

i.e., during the mean time between two intersections of resonance.

The radial and verticals deflection of particles from the
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axis/axle let us write in the form
( _ I V2

with the function of floquete, calibrated according to the condition:

*1

where p - iapulse/momentum/pulse; v=2 m - Wronskian determinant,

prim indicates differentiation with respect to s.

As is known (see for example, (3]), near the resonance the

amplitudes of betatron oscillations satisfy system of equations:

," ,,= ...'- +i te- R

where - - detining; Ho - the mean radius of equilibrium

orbit; n-ln.. +nn. - order of resonance; 1%,'- its width. The sign of

the index of exponential curve depends on the signs of integers n%,nl

and it does not affect results. Furthermore, further it will be

necessary to know only muduli/modules 0,% which with a sufficient

precision/accurcy can be written in the form

I were - adiu ofcurvtur min th (8)tcfil '. -nolna

1 1
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addition to the magnetic field at a distance 6 from the axis/axle; 6

- half-width of the chamber/camera: AH(',%)/H - the relative deflection

of magnetic field from computed value, moreover AH-AHI with even 'INI

and AH% - with the odd.

Page 53.

For solving system (6) we will use the method, which were being

applied earlier in work [42 where shown that with an accurac- down to

the terms -1 ,.1 a relative increment in the amplitude &aI/l/la is

random function L'th the zero average/mean value, and is found

dispersion. In order to find the expansion of beam, for example

according to %, the distribution, examined/considered with maximum

initial amplitude I1bl one should average in the amplitudes of

synchrotron and vertical betatron oscillations. Then, considering

that the phase density is permanent in all projections, and utilizing

(1). (3), (7), we will obtain the following expression for a

root-mean-square increment in the sizes/dimensions of the beam:

9N.112 ) ' 01' (Io)

iid
where f - frequency of revoluticn; $,, are taken with the maximum

amplitudes; integration is conducted according to the region in which

A>AQ0 . AQo - vertical Coulomb shift/shear with which the operating
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point reaches the resonance line
.. .0.W n_ _ - k,, 1)

Applying formula (10) to main accelerator, let us examine the

period of injection, whica represents the maximum danger. In this

case P=Po f=1.86*10s s-1, t=1.2 s, AQ0 0.12, e=0.5. Coulomb

shifts/shears are found oa the assumption that the chamber/camera of

booster is utilized completely ( E%- 44 cm*nrad, E-&- =10 cm.mrad), and

subsequently the sizes/dimensions of bean change adiabatcally, since

upon the injection into main accelerator .-E- .3 caemrad, E-1,2'

cmomrad. The permissible increase of the sizes/dimensions of beam

takes as the equal to 0. 15 on a radius and 0.30 on the vertical line.

Thus, are obtained limtatlons to the width of the resonance:

14 2 M I I+ n.,,( 1n,11 +I) (12)

in the most adverse case whea AQG=AQ=0. 12, allowances for the width

of resonance in limits of 10"s-10-4.

Let us note that ... ,O if 2n,+, ., 0. i.e. when the operating

point is moved along the resonance line. In reality, here it is

necessary to consider tue dependence of betatron frequencies on the

impulse/momentu/pulse, which will lead to a change in the parameter

. Analysis shows that in this case should be taken tz-, i.e., the
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limitations for the resonance of the third order 2-1. 2

approximately/exemplarily the same as to the others: S. 1o-5

~~1 i 10 - 4

According to the data of magnetic measurements the

root-mean-square spread cf the nonlinearity of the field of main

accelerator is evaluated with n=2-5 at (1-5)e 10- ' at a distance of

8.5 cm from the axis/axle. Hence it is possible to rate/estimate

harmonics of field and tnen actual width of resonance bands.

Comparison with allowances (12)-(13) makes it possible to conclude

that the resonances of the second and third order undoubtedly are

5dangerous: their width exceeds that permitted into ten or hundreds of

times. The width of the resonances of the fourth order somewhat more

than permitted, but not so that it would be possible to make the

single-valued conclusicn about thair danger, since, apparently,

difference is within the limits of the errors for magnetic

measurements and calculations. The resonances of the fifth order have

* a width, mismachined undersize, but when jnj.a the precision/accuracy

again is insufficient for the confident conclusion about their

safety.

fter considering all dangerous and doubtful resonances, it is

possible to conclude that optimum frequencies are m" 9.9, Q - 9,87,

linearity correction l) of that calling resonance 2 r- 10, to

lierteoac
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I10"s making it possible suistanial to facilitate the conditions

for particle motion.

Analogous calculations were made for the booster, Coulomb

shift/shear in which grows/rises during 1.5 ms, after injection from

0.05 to 0.1, and then smoothly it decreases, reaching at the end of

cycle -0.01. The permissible increments in the sizes/dimensions of

beam were accepted equal to 0.15. it turned out that from the

resonances of the third erder are most dangerous the following:

3% Q'10; Q 4Q 10; '-0-' 3. F.rom intersection possibly, if the spread

of quadratic nonlinearity at a distance of 8 cm from axis/axle

; ) ( 5.1o-5. The intersection of the remaining resonances of the

third order is possible. if' ( i'lO 4 
-t'( All resonances of

the fourth order are safe whenir'1,) <5*10 "*, which, apparently, is

easily feasible. Therefore the selection of betatron frequencies in

region ' 32 ,-Q0-3,38 seems sufficiently to those substantiated,

although they are not excluded and other regions, for example,

Q,~ 3,42, Q.40- 3,38.

In conclusion let us note that increments in the amplitudes

sufficiently weakly are changed with the change AQ so that, if the

actual displacement of operating point will differ somewhat from the

calculated, this little will influence the permissible value of the

scatter of the parameters of blocks/modules/units.
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102. ALIGNMENT AND ADJUSTMIENT OF BEAMS OF SECONDARY PARTICLES. THE

USE OF COMPUTERS FOR INVESZIGATION OF THE PROCEDURE OF ADJUSTMENT.

V. V. Miller.

(Institute of theoretical and experimental physics).

During the calculation of displacement tolerances of the

magnetic elements/cells (see references in [11) they always accept,

that the value of the central particle momentum p0 of band Ap/p, is
determined at the input into the system. However, in the secondary

beams the isolation/liberation of momentum range occurs in system

itself, and the transverse shift/shear of lenses not only displaces

beam at the end of the system, but also changes value of po.

In work [1] it is shown that the transverse shift/shear of the i

lens to valu6 6z in the linear approximation/approach causes the

displacement of source of the image, created by the j element/cell,

o n . . . . . . . . . .Aon -- (M- -_ -) -.

,It where M - coefficient of linear magnification from the L.-th to the
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j image. Let at tie point of the j image be placed the collimator for

Ithe isolation/liberation of band Ap/Po (pulse collimator). Then

through the center of tkis collimator pass particles with

S--, o where Doi - dispersion in pulse coll.mator.

and beam displacement at tka ead of the system (in the k image)
(2)

For nondisperse systems D0IMjk+Dw- and latter/last formula takes

the same form9 as (1).

For the isolation/liberation of the band of

k , impulses/momenta/pulses is important also fine adjustment along the

$i axis of the system of internal target of accelerator and all

collimators. With the adjustment the target locations usually

establish/install minimum clearances in aperture (AK) and pulse (IK)

collimators (Fia. 1) and in the switched-off lenses and the nominal
field in magnet B2 is changed current in magnet BS. If target offset

O, then the maximum of the count of small counter at the end of

the system reaches at the field in B, different from the the nominal

H. IT-AH/Ho 0. Target location is corrected until Tm is equal to 0.

The sensitivity of method in the linear approximation/approach

is equal to [ ( ,., (.

* (Tj2TIT 2 2 T)*aL,%LL 4 T2

here TL  coefficients of the matrix/die of transition from tr-4
whKre _ofiinso h

2- . ,- ... . ........ .- . m -- -- -.- --.-
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target to the collimatox AK. if target is located out of the magnetic

field, thenTm=Tn-0,T12 '-L 0. Then in tie parameters of channel,

designated in Fig. 1,.d /dmu"-O48%.cm 1 . sensitivity increases, if

counter C approaches magnet B.

Formula (3) is obtained in the assumption that there is no focusing

in magnets, and dimensions of the target, counter C

and clearances in the collimators they are negligible.

Counter C single although actually is applicable telescope of

counters. In the real cases, especially when a larger number of

magnets is present, it is possible toresort to the aid of computers.

Fig. 2 reflects dependence on y the intensity, recorded by counter C

of finite dimensions (cturve of adjustment) with the final clearances

in the zolliaators and the finite dimensions of target for the

channel, shown in Fig. 1. Calculations aza carried out accordinq to

the program "Focus"1 .
FOOTNOTE 1. Program *Focusm for the optimization of the magnetic

systems (see references in [1]) is substantially modified. Are added

tai; new operators of optimization, for example, is introduced the

operator of the generalized focusing, who makes the divergence of

sine-like trajectory with the given x5o (or y1 o) equal to the given

one (taking into account the sign). In particular, this divergence

can be equal to zero (iaa&). Is possible the optimization of the

axial extent of bunch of particles and isochronization of system, the

optimization of chromatic aberration, agrae.int of phase ellipses,

etc. Program allows the calculation of all aberrations of the 2nd

order and most important aberrations of the 3rd and 5th orders. In

-*-"V '71:
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the program are provided for check, diagnostics, and sometimes alo

the correction of the errors in input data and the convenient form of

readout, in ---icular, most automatic possible obtaining of the

charts of separate trajectories, and also pulse spectra of particles,

passing through the system, which switches on collimators and

counters, and also the tctal "profile/airfoil" of beam for entire set

of particle momenta. Program calculates the aperture ratio of system

taking into account the dependence of the output of secondary

particles on their mass, the impulse/momentua/pulse and the angle of

emission, and also energy of protons. ENDFOOTbOTEo

Sensitivity dT.1dz calculated from the shift of the maximum of

curve of adjustaent, will agree with the value, obtained from formula

(2). Analogously it is possibte to examine the effect of the shift of

colli mators.

.1
I
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Fig. 1. System of ragnets and collimators. M - target; AK and IK -

aperture and pulse collimators; Y - region of the field of

accelerator; B1 and B2 - M agnts; C - counter; angles of Lotation

=1-u2=+0ol red; Lo-L, are equal to with respect 6, 4, 6, 8 and 10 a.

Unbroken curve - trajectory, passing through centers AK, IK and S.

Page 55.

Let us pause even at the use/application of computers to the

investigation of the procedure of the adjustment of horizontal

focusing in the first cbjective. The first results are described in

(1]. Is sufficiently propagated the following method of adjustment.

At the end the systems place counter C (large size/dimension on the

vertical line) and consider that the correct adjustment to the pulse

collimator corresponds to the maximum of readings. Frequently as a

result of this procedure system proves to be in the completely

unlikely mode/conditions.

Alignment procedure it is convenient to simulate on the
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computers. As the first example let us examine the achromatic system,

shown in Fig. 3. Fig. 4 shows the dependence of the intensity,

recorded by counter from the mode/conditions of the first and second

objectives. As the criterion of the defocusing of the first objective

is accepted the distance 61 from the center of IK to the source of

the image, created by the first objective. Along curves 1-6 61 is

constant, and varies 6. - distance from IK to that point on the

axis/axle of system, that is focused by the second objective to the

center of counter C.

From Fig. 4a it is evident that curve 3, which corresponds to a

precise focusing on IK, is separated/libarated in no way: if we focus

bean on 0.5 m nearer than 1K, then it is possible to obtain the large

intensity (curve 2). Vith the large defocusing (curves 5, 6) the

curves become double-humped; tais phenomenon is accompanied by the

appearance of the second maximums in the pulse spectrum of particles.

If at the outpit of the system (i* is direct after lens Q) to

supply magnet B3, which turns beam on the angle of a3=O.1 red (in the

other direction, than B, and B2 ), then curves 1-6 strongly will be

drawn together, and their maximums will increase (Fig. 4b). In this

case is observed an increase in the band Ap/p by the passed system

due to the compensating action of rotation in B3 . Vith sign change a3

the curves strongly are separated/expanded, their height and band
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Ap/p decrease.

Fig. 5 shows the calculated curved adjustments for the real

system - beam 2A on the accelerator of the lFVE. The structure of

channel is analogous shown in Fig. 3. but doublet QQs is replaced to

the quartet, within which is created parallel beam. At the end again

is conducted magnetic analysis. Evidently strong change in the form

with a change in the size/diaension of counter C. Upon the achromatic

inclasion/conaection, ca the other hand, curve of ideal adjustment

prove to be maximum for the small counter and scmewhat less than

adjacent curves for the case of large counter.

!,

I'

1
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Fig. 2. Fig. 3.

Fig. 2. Dependence of intensity 3, of that recorded by counter C, on

field in magnet B1. Target out of the field of accelerator.

Clearances in AK and IK are equal to ±2 mm, target t1.5 mm, on the

horizontal, counter C - 4 m. I - target on the axis/axle of system;

2 - target are displaced by X- - acceptance

angle.

Key: (1). rad.

Fig. 3. Achromatic magnetic system. On the vertical lino the beam is

always focused on 2 m for IR and to counter C al= 0.25 rad,

a2=+0.1825 rade clearance in AK of ±.5 ca, in IK - +1.5 an, counter C
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- 3 am. The length of channel is 29 m, all lenses ML15, .R*b 96 cm.

7, 7

I -" I It

I

A z- I

SFig. 4. Setup curves fox sistea in "Fig. 3. a) achromatic

mode/conditions; b) with magnet B3 after Qs; 1-6 -correspond to the

constant duty of the first objective; Bt=;, -0.5, 0, 0.5, 1*0, 1.5
mL.

Key: (1). rad.

Page 56.

Is created impression, that on the basis of qualitative concepts

it cannot be indicated ajplicability conditions for the described

method of adjustment. However, it is possible that with the method of

the comparison experimental setup curved from those calculated for of

the given conditions it is possibie it will be obtain satisfaction

sufficiently precise cconclusions about the adjustment of system.
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I l t , I l I I

I-.1-2 -1 0 . 1 2,4, * ,f ,N -2 -1 0. * 2 +J +4,

Fig. 5. Setup curves for beam No 2A of the IFVE. Target - 1 mm a)

counter 2 cm; b) counter 3 ,m. 1-8 correspond to the constant duty of

tail piece of the system; 6=+4.5, *2.0, +0.5, 0, -0.5 -1, -2, -3 .

PEERINCES

1. V. I. Kotov, V. V. Miller, Focusing and Separation by
Masses of High-Energy Particles. M., Atomizdat 1969.
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103. COMPUTER SIMULATICN OF A SYSTEM FOR THE SUPPRESSION OF THE PHASE

OSCILLATIONS OF THE CENTERS OF CLUSTERS.

B. I. Bondaryev, B. P. Murin, L. Yu. Solovyev.

(Radio engineering institute of the AS USSR).

An increase in energy and intensity of particles at the output

of linear accelerators and the increased requirements for the

parameters beam caused the need of applying the new principles of the

!, automatic control of amplitudes and hf phases in the resonators. The

proposed by B. P. urin and by I. !h. Nevyazhskiy and

developed/processed in the radio engineering institute AS USSR the

system of the automatic correction of hf accelerating fields

according to the data about the phase of the centers of clusters

(ARF-P) makes it possitle to remove also the coherent phase

(longitudinal) oscillaticns of clusters in beam (1).

For the explanation of the corrective action of system ARF-P let

us examine the phase plane where along the axes of abscissas and

ordinates is plotted/deposited the shifts of the center of cluster

relative to synchronous particie on the phase and the

I __
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impulse/momentum/pulse respectively. Let us assume that to the

specific place of accelerator, lot us say, at the M resonator, the

center of cluster arrived with scue disturbances/perturbations of

phase 6;p and speed 6dpIs- Phase sensor measures value dw and is

changed the phase of hf field in the resonator to value - 60-The

length of resonator is equal to (2n +1) A/4. where Av - length of

phase oscillations, n=O, 1, 2:. we will consider that the resonator

is the ideal accelerating structure.

Page 57.

Through fourth of pericd of phase oscillations the representative

point, moving over the phase trajectory (ellipse in the case of small

phase oscillations), will be displaced after flight/sian by the

cluster of latter/last resonator into the point, arranged/located on

the axis/axle of abscissas. The second phase sensor measures at this

moment shift :41, and is cnanged phase in (N+l) resonator to value -

8-q. As a result of the second correction the representative point

falls into the origin of coordinates and the motion of the center of

cluster ceases. Virtually, since the resonator is not the ideal

accelerating system, the speed of the center of cluster will differ

somewhat from ideal computed value.

The system of the depressicn of the phase oscillations of the
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centers of clusters can improve the monochromaticity of the exit beam

of linear accelerator in such a case when the basic reason for

deterioration in the moncchromaticity are coherent beam

displacements. However, the nonlinearity of longitudinal oscillations

can lead to a change in the configuration of clusters and to an

increase in its effective phase area. In this case the

use/application of systems ot the depression of the phase

oscillations of the centers of the clusters was barely effective and

unsuitable.

In connection with the fact that the linear theory does not make

it possible to determine the distortion of the form of cluster on the

phase plane, the investigation oi this effect was carried out by the

method of a probability-statistical simulation of the accelerating

S:1channel.

The mathematical model of the accelerating channel of the linear

accelerator of protons allows (taking into account nonlinearity and

nonconservatism of longitudinal oscillations) to determine particle

trajectory with any origin coordinates in the accelerating channel

whose ideal structure, and also amplitudes and phases of accelerating

fields are subjected tc random disturbances. Vith the aid of this

model it is possible to determine the trajectories of the

sufficiently large collective of particles and to calculate the
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sizes/dimensions of cluster, the scatter of speeds, the shift of the

center of cluster, particle distribution according to the phases and

speeds, etc. Interactico of particles with each other is not

considered.

For the statistical-probability simulation of the accelerating

channel is utilized the method of Monte Carlo. On computers is

simulated the accelerating channel and with the aid of the

random-number transducers are imitated the fluctuations of the

parameters of 14 fields and error both production and to arrangement

of the elements/cells cf the accelerating channel. So "is reproduced"

cne of the possible realizations of channel, which then with the aid

of the simulating program "accelerates particles". With the aid of

the new set of random numbers is reproduced another realization of

channel which also "accelerates Farticles" and, etc. Particle

distribution at the output of many accelerating channels

statistically is processed.

S11For the simulation was selected the long-wave part of the linear

injector-accelerator of cybernetic proton synchrotron (2]. model

consists of seven resonators with the drift tubes, which work on the1i wavelength 1.5 a, and which accelerate protons to the energy 200 MeV.
if'j Computed value of synchronous phase is selected with 260, specific

acceleration 2.7.10-3.

During the simulatiom were considered the errors in the

accelerating channel, given in the table.
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Root-mean-square magnitudes of error in the production, installation

and adjustment of the accelerating channel.

zq-I HAe.Howaue rIorpewmoT 'OIii~

1. rlorpeWHocM amnba peaoaTopa, % 1,5.102

2. 7orpeWHOCTb anMm Tpy6Kw apef- -2ga, % 7.10
3. orpe HOcTb I3Mep dm sH amm -2y6Ku

apeg4ia, % 310~4.
lrOrpeWHOCTh YCraHOBKK Tpy6Kx apeA -a, m 3.10 -

5. MaCWTa6HaR owH6Ka ycraHOWRIMOA-4
pyneTXH, % 2-10 -

6. r1"0,pHOcTc aMnnwTyabl cpeaero
noRm B pe3on Tope, % 1

7 HepaBHOMepHocTb B.q. N=R- 8 pe'O-0-

Tope, % 1
8. Ha EMH [O Mom peaoH rpa,% 1

i ~9. lor'pewmocT ycTaHOwr. 83 B.M. non'1

Memay peaonaTopeMm, rpsa 1

Key: (a). in sequence. (b). Designation of error. (c). Value. (1).

jError in length of rescnator, o/c. (2). Error in length of drift

tube, o/o. (3). Error cf measurement of length of drift tube, o/o.

(4). Error in setting up of drift tube, m. (5). Scale error for

adjusting tape measure, c/o. (6). Error in amplitude of middle field

in resonator, O/o. (7). Nonuniformity of hf field in resonator, o/o.

(8). Inclination/slope of field along resonator, o/o. (9). Error in

setting up of phases of bf field between resonators, dog.

Ii
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Fig. 1. configurations of clusters on phase plane at output of

accelerator a) value of errors correspond to data, given in table; b)

~error increased i o times; C) error increased four times; small

circle shoved synchronous par~icle.

Page 58.

.I These tolerances are accepted by the Soviet strong-focusing

i accsi.erators. Furthermore, yere investigated the random real izations

'71

,I in which the amplitudes of ta errors increased into two or three and

"0.0
i v .our ti0es

, simulation showed that vw.th the allowances, equaz or it is twice

more than as the allowances, given in the table, the form of clusters -

.d
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centars of gravity were arranged/locatsd near from the syn,;hronous

particle. With further increase in the allowances the form of cluster

on the phase plane increasingly less resembled ellipse, but sometimes

cluster was no longer ccmpact iormation/education. Thus, fear apropos

of the smearing of clusters is substantiated, but with the existing

allowances these effects do not appear, and system ARF-P can

effectively work. Fig. 1 for an dxample gives several characteristic

configurations of cluster wita different allowances.

For the evaluation of effectiveness in the work of the system of

the depressiort of the phase oscillations of the centers of clusters

the latter was connected with the model of the accelerating channel.

The simulating program imitated the action of this system, and at the

output of accelerator were obtained particle distributions according

to the phases and the speeds which were compared with particle

distributions in the ah.ence of system ARF-P. The comparison of given

in Fig. 2 and 3 particle distributions shows that with generally

accepted tolerances the system ARF-P removes Soo/o of increase in the

size/dimension of cluster in the impulses/nomenta/pulses and 80o/o of

increase in its phase width. Simulation also shoved that an increase

of the allowances 1.5-2 times with the work of system ARF-P virtually

does not make the parameters worse of exit bean.

1t
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Fig. 2. Particle-velocity di ,-ributions (a) and phases (b) at output

of accelerator without us'i of system AlP-P - 3 (f-s)I , - deviation of

phase and particle speed from phase and speed of synchronous

particle; ,P- phase width of cluster and velocity spread in it

in accelerating channel without errors. The sizes/dimensions of

-- cluster (60 and Aplrs) axe determined on the points where the
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particle density is equal to Oc/o of the maximum value of density.

Key: (1). deg.

Fig. 3. Particle-velocity distributions (a) and phases (b) at output

of accelerator during use of system ARF-P. Designations the sane as

in Fig. 2.

Key: (1). deg.
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Page 59.

104. SOME QUESTIONS OF THE OPTICS OF A BEAM IN THE MULTISECTION

LINEAR 2-GeV ELECTRON ACCELERATOR

V. I. Arteaov, I. A. Grishayev, A. f. Dovbnya, N. 1. ocheshnikov, V.

V. Petrenko.

(Physiotechnical institute of AS UkSSR).

At present one of the basic tasks of the development of

accelerators, including linear electron accelerators, is an

improvement in the quality of the accelerated beans. For this is

necessary the solution cf numoer of questions among which the

significant role play questions of optics of beams both in the

accelerating channel and in different systems of formation and

transportation of particles on the target. The optical properties of

the accelerating channel of linear electron accelerator to a high

degree depend on different perturbing forces, which exist on the

accelerator, from the prcperties of the systems of focusing and

transportation of the beam through the accelerator, from the quality

of the injected beam, etc.

'4
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As is shown analysis, on these reasons in the linear

sultisection electron accelerator appears connection/communication

between the phase and transverse motion of beam. For the analysis of

the dyjnamics of beam is developed the program emittance", which makes

it possible to obtain the results of the investigation by the method

of the numerical soluticn of the equations of electrons, and also by

the method of the setting of "mathematical experiments" on the

computers M-220 A.

In the accelerator to the energy 2 GeV (1] there are transverse

electric fields, which are caused by the dissymmetry of the

introduction/input of high-frequency power into the accelerating

section. Structurally/ccnstructurally the introduction/input of power

is accomplished/realized in the horizontal plane; therefore the

action of cross fields in essence becomes apparent in this plane.

Cross field in the matchers out of phase on 900 reaches 0.13

amplitude values of accelerating field [ 2]. These fields exist only

in the short sections (to 3 cm), but with a large quantity of

matchers in multisecticn accelerator the action of cross fields

proves to be essential.

For the calculations the emittance of the injected beam in both

planes is accepted in the form cf rectangle with the sides 1 cm and
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1o10-2 rad whose area encompasses real emittance. At the input into

the accelerator the emittance fcr different phases in the cluster is

accepted identical.

Fig. I shows a chango .1n the partial emittances on the output of

accelerator in the value and the form for the particles with the

different phases. Dotted line snowed that part of the cluster which

is lost in the process of acceleration as a result of the iact that

the coordinates of particles outain the values, which exceed the

aperture of accelerator. DepenaLsq on phase partial emittance at the

output of accelerator is displaced from the optical axis of

accelerator, which leads to an increase in the effective emittance

, kVo_

where To, V - values of enittance at input and output of accelerator,

E0, Ek - respectively initial and final values of energy; k -

coefficient of an increase, which appears as a result of the

separation of particles cn the phases.

- I In our case of k=3, This expression allows with the assigned

magnitude of the emittance of beam at output of accelerator to

determine requirements for the beam of injector, and by the rational

selection of collimators it is possible to substantially improve the

parameters of beam.
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Tha analysis of a radial-phase motion shows that the intense

decrease of the phase width of cluster AS occurs to the 20th section,

which is connected with an increase in the energy of the accelerating

beam. The full/total/complete width of phase channel does not exceed

30W

Trajectory calculation ia a x- plane for the particles with the

different values of phase and the initial conditions x=0 and 4=0

shows that under our conditions the trajectories are well divided in

Ithe region of tke 20th accelerating section. Here the dependence of
the sizes/dimensions of beam with different initial conditions on the

phase takes the form, shown in Fig. 2. This can be utilized for the

shortening of the phase width of cluster, and therefore for the

monochromatization by a method of the irising of beam in the

horizontal plane.

T"
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Having artificially enforced the effect of separation, it is

possible to create conditions, with which the irising proves to be

possible to carry out with the smaller energies in order at the very

beginning of acceleratcr to already have "pure/clean" beam with a

small phase width of cluster.

The searches of the accelerating channel, in which would be

accelerated "pure/clean" aeam wath small phase duration of cluster,

led us to the diagram which was shown in Fig. 3. this figure shows

envelope of particles in the horizontal (x) and vertical (y) planes,

and also arrangement of magnetic quudrupole lenses and collimators

k 1 , k, k)

The electron beam of injectcr with the short magnetic lens is

focused to the input into the first accelerating section where is

established/installed collimator k, in width of slot 0.26 cm. Then in

the horizontal plane by the first two quadrupole lenses beam is again

focused. Is here established/installed collimator k2 in width of slot

0.3 ca. The third collimator in width of slot 0.3 cm is

established/installed in the 20th accelerating section.

'Characteristic feature of this channel consists in the fact that for

the separation of particles on the phases, besides cross fields, are
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utilized the lenses. Separation by lenses is the consequence of

chromatic aberration and certain relation of energy of particle with

its phase in the cluster.4
Practical creation of the accelerating channel with the

properties examined allcwed to cbtain beams with a small energy

scatter. Fig. 4 shows the energy spectrum of the accelerated

electrons. As can be seen from figure, energy scatter at the level

0.5 of intensity does not exceed 1.5*10-3. Characteristic for the

shown spectrum is the absence of low-energy tail, which considerably

decreased the background on the targets and the activation of the

parts of accelerator.

The given spectrum is obtained with the average/mean output

current of accelerator 0.33 MA, which is 2 times less than the

. current with the work cf the accelerator in the existed previously

standard mode/conditions. it would seem, reduction in current must

occur proportional to the decrease of the width of the spectrum.

I However, current falls mre slowly than the width of the spectrum.

However, current falls more slowly than the width of the spectrum. Is

explained this by the phase compression which occurs as a result of

the close coupling of transverse motion with the phase.

! j

Th mesrmn fIitnea h upto ceeao a
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made at the zero level of tne de-sity of distribution of particles on

the phase plane and at the level of 0.1 maximum densities. In the

first case the value of emittance characterizes 100o/o of particles

in the beam, in the second case - 90o/o. The results of measurements

showed that the value cf the horizontal emittance of beam in the

4 1 standard mode/conditicrs comprised 1.4.1O-morad at the zero level

and 4.7*10 " ? m-rad at the level 0.1. After the setting up of

collimators and channel checkup - respectively 5.8.10'7 and 1.7510- 7

m- rad.

In the real accelerator there are fluctuations of amplitude,

phase of hf field and current of the accelerated electrons. Their

effect on characteristics of beam can be essential.

1
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Fig. 2. Fig. 3.

Fig. 2. Dependence on sizes/dimensions of beam in horizontal plane

from phase of particle.

Key: (1). deg.

j, Fig. 3. optical diagram and envelope of particles in accelerator. n -

number of section; k1 , k2, 3 collimators; 1, 2 - quadrupole

:1 doublets.
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Fig . E nergy spectrum of electrons.

Page 61.

Fig. 5 shows the calculated energy spectra of electrons at the

output of accelerator for the cluster with extent of 100. Along the

axis of ordinates is deposited/Eostponed a number of realizations

with this energy (axis/axle of abscissas). Solid lines showed the

"spectrum" without taking into account fluctuations, broken - taking

into account the fluctuations. As can be seen from figure,

fluctuations affect the spectrum in a two-fold manner. On one haud,

the spectrum is widened. Thus, width in basis/base increases 3 times.

i i .. ..... ....
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on the other hand, the energy in the maximum of the spectrum

1! decreases.

!

Besides effect on tke energy characteristics of beam,

fluctuation they affect also its optical characteristics. Calculation

shows that in the idealized cas4 the horizontal emittance of beam is

equal to 5.5.10 "7 morad, and in the presence of fluctuations

12.3-10"Y m-rad.

Creation on the accelerator of narrov phase channel contributed

to improvement in spectrum and otical characteristics of beam, and

also to development/detection, and then to the elimination of the

series/row of fluctuations.

44
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Fig. 5. Calculated energy specta of electrons.

SFKey: (1). rel. un.
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105. OPTIMUM INJECTION OF RELATIVISTIC PARTICLES INTO A SYNCHROTRON.

D. G. Borisov, P. V. Buxayev, A. I. Gryzlov, V. M. Levin, Yu. P.

Shchepin.

(Scientific research institute of electrophysical equipment ia. D. V.

Yefremov).

It is known that the best results upon the particle injection

into the circular accelerator can be obtained, when energy of the

injected particles changes synchronously with the building up in the

time field of circular accelerator [1). In the region of the

nonralativistic values cf energy of injection this problem is solved

[2, 3). However, for the particles with the relativistic energy task

until recently was not solved.

At the VI conference of the physiotechnical institute of AN
UkrSSR (4I] was reported the method of modulation of energy of the

relativistically accelerated particles by the method of the

transmission of the clusters through the section of the septate

waveguide, in which were excited the electromagnetic vibrations with

the period, ifferent from the repetition period of clusters. With
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the small difference of periods occurs the steady change in the

energy of particles from one ciuster to the next, which carries

sinusoidal character. Thus, in the principle is possible the

generation of beam with energy that increases from one cluster to the

next, i.e., in the course of time.

However, the use/application of the septate waveguide for

modulation of energy of clusters leads in the interesting us case to

contradictory results.

Thus, for instance, upon the injection of electrons into the

Terevan synchrotron on 6 GeV and during the use as the modulating

energy of particles section, calculated on 50 MeV, it is possible to

modulate energy on the section of cosine curve in the region of

phases, which corresponds to the character of a change in the

magnetic field for the time of particle momentum (2 ps), only on 20

key at the necessary value of 600 keV. The attempt to modulate energy

to 600 key in 2 ps due to a change in phase change will lead to the

fact that the modulaticn curve and acceptance are radiated in the

2iddle part, coinciding only at the ends/leads.

However, it is possible to utilize for modulation of energy of

the particles .f the section of linear induction accelerator (5] in

inductor of which is excited wort ex/eddy electric field with the
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I. building up during the passage of particles amplitude. This makes it

possible to preserve optlmum conditions for the capture of

relativistic particles during entirs interval of injection.

For obtaining building up in the time accelerating voltage in

the interaction space cf field with the beam it is possible to

utilize pulse modulators with hetercgeneous forming lines. Figure

shows the oscillogram of the building up impulse/momentum/pulse of

accelerating voltage a. the oscillogram of the current, flowing

Ithrough the winding of inductor.

Page 62.i 'I
According to our calculations, grouped into the clusters and

accelerated in the septate waveguide to the energy 50 Me¥ electrons

it is necessary to intrduce into the induction accelerator by length

- ! 1.5 m of 24 inductors, connected to eight pulse modulators in

thickness 30 kW. With the strength of field at the end of the

impulse/momentum/pulse 0.4.10' V/m can be obtained an energy gain 600

keY, which corresponds tc the character of the build-up of magnetic

field in the synchrotron in 2 ps.

4
)
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Buldn upiplemmetmp oo accelerating voltage and

current, flowing through the winding of inductor.
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106. THE S N, OF THE DECREMENTS CF COHERENT OSCILLATIONS OF A BEAN IN

AN ACCUMULATOR

Ya. S. Derbenev, N. S. Dikanskiy, D. V. Pestrikov.

(Institute of nuclear physics of SO AN USSR [Siberian Department of

the Academy of Sciences cf the USSR]).

1. As is known, collective interaction of beam with external

system (v.s.) can lead tc develcpment in beam of instabilities,

impeding thereby to accumulation of high currents. Is known

series/row the method of attenuating the collective oscillations. In

this case the damping devices can De conditionally divided into the

narrow-band ones (are suppressed the separate modes of collective

motion) and the broadband ones (the so-called systems "without the

memory"), with the aid of whica it is possible to simultaneously damp

many modes. The concrete/specafic/actual methods of attenuating the

collective oscillations of bunched beams by broadband systems were

proposed in works [1-4).

in this communication/report are discussed some

general/common/total aspects of interaction of beams with v.s. in

connection with the tasxs oi attenuating the collective oscillations.

.. .m
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Basic conclusion is the possioility in principle of the simultaneous

depression of oscillaticns according to all oscillator degrees of

freedom, which is based ou the ontained in the work theorem about the

sum of the decrements' cf coherent motion.

FOOTNOTE 1. By decrement qe will understand value 6= -imw, when the

time dependence of excitation exp(-iwt). ENDFOOTNOTE.

2. During analysis cf stability of small collective oscillations

of beam, which weakly interacts vich v.s., it is convenient to

present its function of distribution tntp,t) in the form

where a and 0 - variable/alternating action-phase of unperturbed

motion. By definition, in the absence of collective oscillations

4.-,( ), and are described the coherent excitations of arbitrary form.
, I

1 Far from the machine resonances normal oscillatory mode f takes

the form
e (2)

where *m -. m . The smallness of interaction assumes that

jw-miwci.k tmL , where WL-Q )o - frequencies of the undisturbed, and

wg - frequency of revolution. Applying cafourier analysis to the

system of equations of Vlasov, in the first approximation, of the

method of averaging it is possible to obtain equation for! ( 1(.J);
'4
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Here

dt 1 t-LL~p

Ak(%)- the *igenfunctions of v.s., which satisfy equation

AA.+(W/c 2)A,-O and gauging condition d0v A -(O-

Page 63.j
The energy absorption of field w3 will consider phenomenologically by

the introduction of the internal friction of the oscillations of

field Ak. This simplified introduction to dissipation is done here

exclusively for the clarity of the presentation (in more detail see

I I in ( 51).

j I3. system of equaticns (3) determines spectrum of normal

I oscillatory mode of system beam field. It is not difficult to show

SIthat the sum of the decrements of iull/total/complete system is equal

to the sum of the decrements of the oscillations of field in the

absence of interaction. However, physical interest is of the sum of

the decrements not of all normal modes, but only those in which is

contained basic part of tAe energy of collective particle motion (car-

I -- _ _-. . . - .... . ... . .. .. . . - _ -. . . ,. ,.. . ,', .. . .. . . . . . . . . . . .
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mu O-Far from resonances Wk-mLLroLW 0 (in the sense that partial

frequency shifts jmnn much less taan the detuning-IWk-mML-nol) of

sum on n and k (3) weakly depend on a precise value w. Therefore in

the nonresonant case, in the first order on interaction, w in right

side (3) it is possible to replace by mn L.'Then from (3), according

to the known theorem about the sum of characteristic roots, we obtain

the sum of decrements in the form

A "F~ctus % N(m VU I(fAk)rmn1 1

mn k 4a,k-(m.( +nwI+ a) ,

where N - number of particles, brackets <> indicate averaging on the

ensemble. If the oscillation spectrum of field is continuous, then

summation over k in (4) must be replaced with integration, whileA k

at 6--+ O.

From (4) follows that for high-Q systems (Ak(<C k,ak<"(4Q) the sum

of decrements A can strongly depend on dotuning Ik-MLL-(Ioi. then, as

during interaction with low-quality y.s. (xw>o) both the sum of

decrements and partial decrements weakly they depend on frequencies.

By direct calculation it is possible to be convinced of the fact

that the sum of the decrements of coherent oscillations (4) coincides

with the sum of the decrements of the single particles, which

interact with v.s. independantly of 6ctch other. Of this, strictly,

and consists the confirmation about the sum of the decrGments of
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collective oscillations.

In connection with the tasks of attenuation by broadband systems

(Wk MM+nwo) of the lcw-rrequency oscillations, not suppressing by

scatter' it is possible to formulate theorem in the narrower and more

concrete/more specific/mcre actual sense, after leaving in right side

(4) only those oscillations which effectively interact with the

low-frequency oscillaticns of beam.

FOOTNOTE 1. In this theorem toe effect of scatter is not considered,

since during the conclusion of theorem actually was utilized

assumption about tho discretwness of the undisturbed oscillation

spectrum of beam. ENDFOOTNOTE.

The usefulness of the formulated above confirmation consists in the

fact that, as in the case of noncoherent radiation, for the

'I calculation A are required only single-particle characteristics.

The sum of decrements (4) can be written also in the form

where F - force of interaction of particles with the induced by it

*1 field, feature indicates avaraging along the trajectory.
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4. Let us especially emphasize that sum of decrements as partial

decrements, they are act proportional to total power of losses, as it

takes place, for example, ior incoherent synchrotron radiation

Fc- Pv/c moreover, it is possible to give the examples when the sum

I of decrements is obliged to the excitation of v.s. only by transverse

vibrations of beam (2, 3, 5]). Ehysically this is connected with the

fact that during the ccllective interaction indused fields are

determined not only particle trajectory, but also by geometric

&properties of v.s.

5. In this connection let us briefly discuss possibility of

effective attenuation ty broad-band v.s. of synchrotron oscillations

simultaneously with betatron ones. The notriviality of this question

is connected with the fact that the instantaneous power of coherent

losses weakly depends, or completely it does not depend on energy (in

this case for the low-cuality systems the sum of decrements is mainly

obliged to transverse motion). The depression of phase oscillations

Jcan be ensured with the aid oi a radial-longitudinal
connection/communicaticn, utilizing the system in which the energy

Ii losses depend on the radial position of particle. In this case

unavoidably the decrease of the radial decrement (it is analogous

with the case of noncoherent radiation, the sum of decrements (4) for

jthe broadband system, but linear approximaticn/approach, does not

depend on radial-longitudinal connection/communication [5]). This
||-*a

1,|

_
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71I
decrease can be compensated by the special brcadband system, which

does aot contribute decrement into the axial motion. A specific

example of this method of aztonuation with the aid of the systems of

the type of the matched lines was examined in (3].
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107. Dynamics of particle accaieration in the spctrometric

cyclbtron.

Yu. K. Khokhlov.

(Physizcl institut4 ira. P. N. Lioeu'v of the AS USSR)

Unbir ths theory ct trajectoraes in the cyclozron usually is

implied the theory of tne closed orbits, which exist only in the

absence of electric field. maaawaiie there is a series/row of the

urgent questions for solving niica is necessary the more

full/totaler/mor _ complete dynamic theory, which considers both the

properties of trajectories in tne magnetic field and the main

effects, connected with those accelerating for slots, One of the

possible ways of the construction of this theory consists of the

d?scription of slots by means ot -ce .ffective boundary conditions,

assignel on the middle vertical plane of slot. in the lowest

approximation/approach the slots are assumed/set infinite-narrow,

I ] 
_ __ _
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i.e., particla motion is dercerm.Leai by the equation of teform

ci.. Ur .

out :)f the slots an,' by Daundary cor.diticns of the type

on the slots. (I,: is assuwed tiiat the slots are arranged/located

radially; 'tGD1 - cylinari.caI ccorainatz~s)

soima results, whicn reiata to the Particle t1-rajectorie:s in the

isochronal cyclotron witn sv,;ioneu magn~tic system can op obtained

from 3ysteru (1) and (14) on tn ,, Dasis of following approach [1-3]1.

Ficst of all., is introducea tae -oncept of the ideal trajectory,

which plays the role of natura.L zr.ference point for others. This (
trajectory is the evenly turnead/rua up spiral - its step/pitch along

any radius, consideretd as -cue function of -speed, does not have usual

.1 oscillations/vibrations with izequancy s.2 ') Among many4traiectori:,s t=t(f), %-L(8)P dxLfiering from each other only by

initial lialues %W' is always one ideal tu%(8), %uq($). (We select 0

as t .- iL., apendent variable and we are limited cases %-.)

Puct~ier is tulf illed ti~asition from the equation for t (0),~

t:) tF~e :5uations for the 3wall dirierences
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wher 3=4(c) - the genera±±zea aziauth; *(p) - the angle, determined

from (d• ieai -ajectory it here belongs to the same

-inergy, as examined/considcred). Tan3 obtained in the linear

appro'inmation/approach equazions dad boundary conditions take the
i form:

where x (3) -thle column, ;ouprzse1 :if (3) , x (3), x '5) G( -3

thre=--imansional matricts/dils, datarmind by maguatic field;

i elemants/cells G 1(() aad G11(4) are pro portional v"; j - number of

slot; W - frequency of ravolazaoa of particle; AW - energy gain on

the slot; point indicates ima d lbvative.

L
The develio.ed n [2] aaianatic method of solving syst-4m (2)

.-maks it possible to express X(3) through amplituda and phase of the

threa-dimensional representat;oa of floquet. The latter can be found

with the aid of any of tne &aown aliproximation methods. can be used

the stepped molel, whicr, gives the responses/answers in the form of

simple analytical formulas.

Let us pause at some results, which relate to energy

d-* distribution in the. bundle of projected/designed spectrometricA,
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cyclotron [4 This cyclotrrn nas iour 45-degree. des,

arang-d/!oca'.1 in the odposaze gaps/intzrvals be-wean the magnetic

sectors. WA will assume tat zae central Darticle of cluster moves

over the ideal trajectcry and tadt this trajectory absolutely is

isocnronous both in th-." "smali" aaa in thu "large" (in this case the

closed equilibrium orbits 1z ges without sayig are not fully

isoch rono us).

Tha potential of dee Is drizten/ricord3d in tap form

SU%)*- U0(s~now-7sLnqt); oz paase -hay are selected so that U=O at

the moment of the passage of zne cwn-ral particle of the cluster

through the bisector of d =; lo, 4 - multiplicity of fundamental and

suppl3mantary harmonics. By suosizuting in U() t(8)-tu(8),(V) and

by taking into account ;he anguiaz size/dimension of dee, we will

obtain

~ I~ (3)

wher- I, II - numbers of input and exit slits; AW - nominal energy

gain on the slot.

An energy gain per ravolution comprises for oae particle

, ~ conseue tly after summation over revolutions

K we will have

I
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rha use/application oz tn: tnsory presented makes it possible to

find values a() as tha function of ths speed and to perform

summation over C. Finally is oatainad the expression, which defines

8WK as the function of initial vdlues , of th:. given ones

on tha Disqctor of adjacent free intermsdiate sector. The explicit

form of this expression without taking into account the difference

between the values r in the free and in the occupied with dee

intr msdiate sactors, is jivea in L2].

1 2a 65.

It proves to be that 8 WK contains following components/terms/addends:

1) growing in the absolute vaiue as t((W/w.); 2) decreasing

approximately as k-1/2; 3) oscillating with frequency LMS(9z-).4)

constant.

In the st;.pped model witn at-.H/H 14 0,25,1(q,-, 039) taking into

account the mentionqd diiffrence netween the free and occupied

intermediate sectors, logaritnmic growing component/term/addend is

,• qual.to

Si (,)
k~ft-1

-.1Wk
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With Wk =80 MeV, WK0 =1 aiV, 4AW=305 keV, ko =0, v0o =+-50 we

will have in two basic versions

(A) 0,. 2; ;- 6; X, 3; SWlor '- t 1,34k36;
1 ( ) 6

(5) t6-3; %1- 6; X- 4(r2-1); 8Wn0r---11325k56.

K-y: (1) . kev.

Calculation on compurczs, mada for tha version (V) in work [5]

gives W =+-3.5 keV, while ne permissible variatins, which

corresponds 8W/W-=+-0.510-" , composes 6BW =+-4 keV.

The swept aside effect (let us name/call its logarithmic)

actually limits the theoretically attainable degree of the

monochromaticity of bundla. Tne role of other effects, also connected

with the initial sizes/dlaenslo[,s of cluster, under the made

assumptions is not so/suca Jraat. The fact that during calculations

on the zomputers theorstical limit (6) was not achieved/reach:.d, can

4! be explained both by the indocuracy in estimations (6) , introduced by

!I stepped model and by scme zactors, which differ calculation [5] (not

absolute isochronism, tnree-dimeasional/space separation of basic and

supplemaentary daes, etc.).

I

• 1m m ~ m m m l m m am
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108. D~Pen 'encp of energy scazz. at th3 output of linaar alectron

accelerator on stochastac inszaDilLties of its parameters.

G. P. Averyanov, A. V. Neszerovacu, A. V. Shal'nov.

S(ioszow physical enginearing -nst .cute).

Tha energy spectra c¢ liatar alectron acceleratcrs (LEU)are

determined by a number of factors: by the instability of ?arametlrs

of the source of high-fzequeacy power, by a change in the temperature

of thi accr-lerating wrvegu-de, iy rhe phase width of cluster, by

particle iistribution accordinj to the lensity, etc.

Ona of the most essentaia factors, which cause the scatter of

particles on the energies, ari tue frequency-phase instabilities of

the sources of high-frequency power. Usually their contribution to

the jin ral/comon/total energy scatter of bundle is evaluated

according to formulas, analogous those given in (1]. Such estimations

have a number of the deticiencies/iacks: is estimated the deficit of

energy, but not a change in tak energy spectrum, and so it is not the

possible to rate/estimate Lue contribution of the frequency-phase

instabilities, which are changed during thp impulse/momentum/puse.
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The latter is espec.Lally I.uortant, since in a numbe-r 0.cse 2

thr- 4Lntraulsa instabilizcii-s cinsiaerably exce ed slow fr94us.7CY

dri4fts.

In this work a:'i givzin aaa uz discussed t.hr. resul-ts of -thc

simulation of the ast-chaiiiqin frequency-phas-a instabilities by

ETsVI Cdigital cowjut..z]. ')uring the simulation it was

assumu1 -that in the acc.;az:ator drd not applisd thz_ special :neasurzs

,r an improvement in tue _-lezyy spectrum of bundle. As the

calculated ones were utilizad the par?.inaters of the sections LEOI

UFTI Ej~krainiaa scie.,-cific Rcisaarch Physicot-achnical

Institute) on 2 GeV, siac~a tha supplies of pcw,.r, the diagram of

phasing and syn:.hroni4zat3oz,, ai~d also Paramtsrs of th-B accelerating

sections which they arc- ap~jlied on this accelerator, are typical -for

tnis class of istallatxcas.

Le t us assum3 that in-to auLriscction LEU during the tim-e

interval r (dur:ation of hiya-fraquancy pulse) is injected theB

sequanca of the clusters, waica navq thB sp'scific phasa width and

following after each otner zhrougn the identical time intervals T. To

thr- entrancq; of each section is supplied the high-frequency power

whtcsc frequency changes in cn tcifi randomly; however, its

mathamatical sxp- cta tioD iq #a~luaL -co th-4 frequi-ncy of bunches, and

aispersion (1,# (55 - iowunce for a change in the?
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Ene.rgy, which gathers th- pdiricle, which is located in che

cluster, which flies at Moment of zime t (O<t<-r) in the n - section

LEU, in the or.senc. of teIueac-phas£ instabilities it is

convsni.nt to writ- in -ha following form:

EWe"2 ~Cos CID+ MV1 ~p~+~ d2.~~i-~(1)

Are here introduced the foilowia aesignations: I - current o

particles per pulse, R. - snunz rasistanc?; L - length of the

accelerating waveguide; s - at-tenuation factor; z - current

longttudinal coordinate; 00 - Ias, of particle in the cluster; Wn -

ohas. displacement due to an inaccuracy in the phasing; y(t) - slip

of particle rziative tc wavz, doznamined by the deviation of

frequency f from its nomninal value f. at the moment of time t;,

SDnas= change along the len9ti oi impuls,./momentum/pulse due to

changes in the frequency. This £actor during the investigation of

frequency-phase instabilities usually is not consi'ered, since is not

I examined the seguence of cluszers. For ths short durations of puls3

*(1-2 ps) it actually/rea±.Lj nas a oeak effect. However, with an

increase in the duration tne centribution of this factor increases.

Subszqu.ntly it will be snodn "cnat in this cass phase change can

I.I
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prove to be such large tha t ne particles can hit tie region of

nagativ3 half-wavq. In viad of ra1naor anaractsr of frequency

instabilities thea analytical daerarmination of the anergy spectra of

bundle is difficult; therafore investigation was conducted

numrically. sf-mlation was concauctod under the simplifying

assumptions. Thus, it was consiaared tnat the' sack'ions of accal;erator

ire ideally phased ('n~o), ind the aasturbances/perturbations of

f: iquiency are spread with tne particle speed. In view of a larger

quantity of clustars in tae impulsa/momentum/pulse, and also since

the tieof fli-ght of parzlclas in the vaveguids is considerably lass

than the period of frequency fluctuations, the results of simulation

weakly d-3pond on th? assump-zion indicatad.

The proce:dure of statmsticai simulation is described in

sufficient detail in the iiterature [3]. Let us note that for the

realization of simulation as necessary the a priori knowledge of thea

laws of the listribution ot iastabilities. As it follows from the

investigation of the intrapulse instabiliti-3s of frequency of

klystrons [2), the frequency-tzme aependence, f(t) can be considered

as st:ationary normal srycaic ranaom functicn with %-he mathsematical

expectation, equal to the nominal value of oscillator frequency. In

f ~this case the function 0(-,) is ranaom unsteady ergodic function [4s]

with t!-he mathematical expecraT..on, equal to zero and by the

'Ispersion: D,2(-~~khJt waere -&I coefficient Of'1I *t
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0correlation of function z (t). Lts definition doe.s not cause

fundamental difficultiez, since ror this purpose they can be used

both special analyzing instrument-correlators (5] and different

calculatzd me-hods [4].

In Fig. 1 it is shown, as cnanges 6 along the length c

imoulse/momentum/pulse with 6 as =0. 1 Hz (parameters f (t) -

-xp'?imnetal (2]). As can De seen mrom figure, with an increase in

the pulse duration it is acra aa 20 ms, th_ part of the particles

can fall into the deceleraziny fiead. But also in zhs smalle r pulsa

durations: as the consequenlce ot tnis effect should be expected

-.ssantrial dqterioration in tna spectrum of particlas. Are represented

below the results of the simuiation both of point and extended

clustars. Density distribution along the length of cluster was taken

from th- experimental data 16].

N i

Fig. 2 depicts energy spactra during the impulse/momentum/pulse

I a- the output of on? section ior different frequency instabilities

(clustar was considered point)
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Fig. 1. Incrase U witn da .,"craase in the duration of pulse (G-,

=0. 1 "liz)

Kay: (1). rad. (2). ms.

~1
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Fig. 2. Dependence- f energy spectruw ,n the degree of frequency

fixing (clusters point)

Key: (1) MHz.

Page 67.

_j



DOC 3 oo693o6 .277

Attention is drawn to the res.nce of long "1ow-en~rgy,' in the ragion

tails, and also thz strcng enace of the form of the spectrum on

the value of frequency instabilities.

Fig. 3 Iepicts the comparisoa of the spectra during the

impulsa/momentum/pulse for tne case of point (unbroken curves) and

-_xten_ ed (+-150) cl ustrs witn difrerent fr;.qusncy instabilities.

From th3 fijure it follows zhit the noticeable difference in the

spectra begins to appear only iizh instability of supply of power

=10 -6 and it is less. Were investigated also the spectra of

ultisection acceleratcrs. Fig. 4 gives the spectra of the

accelerators, which consizz o t azferent quantity of sections with

the different values of trequency instabilities. Clusters were

considered point. From the figure one can see that with an increase

inthe number of sacticns zae spectrum beccmes narrower and more

symmetrical. The average/mean value of the collected/composed energy

is shifted/sheared relative to tue nominal value into the ragion of

lower energies. These pneaoaena will agree? well with the general

considerations of the prooaDliatj theory and the mechanism of

simulation.

Thus according to the results of simulation it is possible to

make the following ccnclusons:

I
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1) -'requen--y-phass- iastcaoD1itizes ari the d%.,tarnining factor,

whichi leads to dht~cioration in output characteristics of bundle;

2) the shortening of clustr,;~ for the purpose of an improvement

.a output characteristics oz adle is ixpedient only upon reaching

of the certain de gree cf fraqueacy fixing;

3) -an increase in the duration of high-frequency pulse (with the

constancy of the Daramezers of zzequency instability) leads to an

increase in the energy scaztr of jparticlas.



F7-Y

DOC = 80069306 PAGE

I1 1- 'n

I _ __ __ _ _____

I- I . , I '/

Fi.42- maiono ~eta oint __li lie__n xtne

zsoidA -n - " =003IdI - n eto;2- e etos

4lly 411-1i

- 50 e4f 47t 4on
/ F~W/ I.

Fig.. 1

Fig. 3. Comparison of spectra oi point (solid lines) and extended

(d ottd lines) clusters. DeSiyfltiofs the same as in Fig. 2.

F..g. 4. Spectrl Of- Multisactiofl accelerators dottcad lin e '6,6+ =0 3

-50 sections-
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109. Calculation of waveguiae Duncaers with the increased

=zquirements for th= characeristics of th= bundle of high-currsnt

linear : lnctron acceslrators.

V. N. Golovin, V. N. Podsaivalov, N. P. Sobenin, E. Ya. Shkol'nikov.

(\cscow physical engineering inszizute).

Waveguii. bunchers wz2aout tna supplementary devicas/equipment

for the initial formaticn of clusters are simple in thp production
and in the adju~tment and nave nign reliability in operation [1].

However, the calculation or sucn nDnchers with the high coefficient

of capture and with the necessdry phase-energy distribution presents

considerable difficulties. TasK even more becomes complicated, if

vave~uida buncher is intended for the formation of high-current

bundles, since questions of tae account of load by ;he current also

of space charge in the region of intense phase motion did not obtain

a sufficient development.

In the present worx are gaven the basic conclusion/output,

A obtained during the solution of questions indicated above in
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connection with the creatioa or waveguide bunchers for the

high-current accelerators.

Extreme method of calculation of longitudinal dynamics. The

usr/application of axtrima calculazion methods to the waveguide

buncaers makes it possiole to considerably reduce -ime of the search

of version with the required cuaracteristics of bundle. Let us

rastcic. the ixamination Di tac case of the minimization of exit

energy scatter rx(r - energy of electron, in reference to its rest

energy) o(x)- Ar- rj 40-r (, ,...n(

waqra n - quantity of "enlazy.a molecules". Scatter is the function

of thi indapendent varianl,s 30, S,, B2, m, entering the expression

of phase wave velocity (raierrted -o the speed of light);

Expression (2) converts function ) into the finite-dimensional.

Herp - dimensionless ienytn of accelerator.

This assignment .p(t) simplifies checking the limitations,

superimposed on the function and substantially decreases a quantity

of varied independent variualas. A quantity of input "enlarged

molecules" of n is determined Dy tne coefficient of capture, by

requirements for the output parameters and by calculation procedure.

:I
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Let us define extremum as function Jt(g) with the

prescrib:.d/assigned function of the intensity/strength of

accslarating field &(Q) ana at r.Lxeu/recorded length . The analytical

ixpression of the function of response is unknown; therefore is

n-acessary to be restriczed to its expressicn in the form of

polynomials (2]. According to the results of axperiment on the

computers arz dterminea tna s.±active regression coefficients which

after standardization are utilized for determining the direction of

the motion of soarch. The JxocK diagram of the algorithm of the

solution of problem is represanted in Fig. 1.

On the strength of tna fact tnat the form of the function of

responce is unknown, this aigoritnn utilizes for the acceleration of

the speed of convergence gradiant mathod. The obtained vector of the

direction of the fastest descant is standardized, which makes it

possible to rapidly pass tne regions, distant from the extrmum. This

search procPedure in this task converges fast enough (for 30-60

ier tions). Thus, in tne casa tw 12,7 Ng 20 kv/cm, imax =100
kV/cm, coefficient of capture f =20o/o is obtained an improvement in

the energy spectrum 8 times. in tnis case the coefficients of formula

(1) are equal to: Bo=0.954b2; 31=-U.34684; B2=0.055446; m=3.00213.

Account of load by current. The calculation of longitudinal

dynamics taking into account tne load by current is conducted
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numecically. Initial bundle~ is ciivided/nmarked off in-to n of the

ezlementary bundles each of whia consists of the well grouped

cl'ist-rs, which follow azr aaca other with the frequency of

acce1laratIng f--ield

*1i
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?ig, 1. Block diagram ci ai.fozi-n,

Kcy: (1). Orthogonal plann.ng/glid;.ng. (2). Object of optimization.

(3). Calculation of criterion. (4). Obtaining gradient. (5).

Consumption/production/generation of new point. (6). Stop.

Page 69.

Is solved system from 3n the aiffergntial equations of the type:

( 4a dR\O- +I R cosq

(3)

de r(A0 0

:• .j



wher.a S long it udinal compone-ts of radiation of alsme ntarv

ba=am; ( - fading, R - ser;..s resisanc- of waveguide, IOL - the %.

av..a ga/mean current of ta-z i iiem,,nta~y beam; 91 - phase of i-

14

beam; X - wavs-l,.ngth of accaiaaing fie,.ld in the free space; -

relative energy of the i Deam; of relative energy of the i beam;

&r- acce.!l.rating field cz Ousida oscillator; - ongitudinal

coordinate.

Sys-em (1) differs from tnu usual equations of dynamics in terms

of the fact that is considarea zbe field of the study of beam. In

connection with this the ejuatcns of motion of separate clusters are

not divided.

Fig. 2 gives Phase-enzrgi distributions for the buncher RTI of

the AS USSR.

For the comparison tao same figure gives the distribution,

calculated from the equation of the balance of power for beam [3].

Space-charge effect. In cne presence of the forces of space

chargs the particle motion is described by system of N equations (see

[1]), where N - number of separdtions of cluster. Cluster was

dividaed/marked off either into zae seri.s/row of the charged/loaded

spheres with the centers on tat axis/axle of accelerator or to the

:-
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s: rizs/row of ths chargi/oadza~ Cyl'nd':S. A numbar of saeparations,

the sizes/dimansions of spuaras or cylinders and their charge be

determined by the form of cluster, by its length in the coordinate

syst;nI, connectsd with tha oeam, and with :he variable/altzernating

btilk JensiLty of charge. Duzing tnis simulation of cluster ths

strength of the field of acn =lement,/call was determined from the

sl lect ros!-a tic task.
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Fig. 2. Phase-an:?rgy disT-.Lur-on for the buncher RTI of the AS USSR:

I -lo =0; 2 -Io - I a; 3 - le 1,8 a: - ca.lculation according to the squation

of t h alanca of power for 1(o=la.

K:?y: (1). rad.
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Basic paramneters of bunchers ZITI ot AS USSR and FTT. of AS UkSSR are

given in tabla.

IIJIC- Hi,.ia .H8 moW- )KeHme #,Uu- nPoR-
ilA MaB BO'-n~'l Yr- HOCThb llHfl(K-l euT la~ )KeHHOCTh

TOK, a CM JirnPO- MNBT 1Ultil, XBOTa, Crycrxa
B8T- 3B 118 BbtXO-

PT~ AHCCC 1 11,2 5516 222 010
PDTH- AH YCC 1. 00 8I~r
THAYCP 1 11i1 52 10,'7 1,6 18 80 1 00 "

Key: (1). Puls,3 currsnt, A. (2) . Snergy, 1eV. (3) . Efficiencies. (4).

1 'aveleangth cm. (5) . Lenygta of uuncner,,mi. (6) . V. h. power N;i. (7) .

I Stress/voltage of injection, xeV. (8) . Coefficient of capture, a~

1 (9) . Phase width of clus-caz o.a outp~ut, delg.

Page 70. __

For Llhe first model (cluzzdzs ;.n zne form of spheras)

whr3 ii intensity/stranqtn of field j - lement/cell in the

location of i-qlzmant/cell; 'e, ~j-longitudinal coordinates of

ele~ments/cells; ,,LL -rddii and lengths of elemants/cells; 16
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PL4 O~j- sps-d and cnazrs jz a.Lments/cells. Positive sign

) corresponds J "minus" - corztsponds.ee.

System o V~ equations wa redJlized according to Runge-Kutta's

method on the computers M-2UJ. .1 number of separations a~id a model

'd~.ra :stablishqd/insta lieu separat;,ly for zeach casi.

In Fig. 3 dottid lines uapiczad lth% phase-energy spectra for ths

bunche :s aTI of -'-he AS aSSa aiid FTL of AS UkSSR wizh current 1 and

caking into account the sjece cnarye (solid line - without thR

account) . With calculation 'awri saectted N=30, ths fir-st modeal and

S=3 and 5 mm respect iv=.L. it Lis obvious, the account of space

charge with the current into 'I and little affects thc. characteristics

of baa, sincs the forces ot Lxcardction in ths bunchor ar-z weakened

by factor 1-02.
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, ..--r--,/I/[, "fi
1 l- I

/3--L -kJ I I I: /SI~

i2k ;-9 I I,- ~ ~

0, d, 15 47 jvAd 4,F 4,F j7 0I 4S~U

Fig. 3. Phase-energy distriut.Lon for the bunchers of FTI of AS UkSSR

(a), RTI of the AS USSR (D)

Kcqy: (1). rad,
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110. Efct of tha high-frt uencj r-ild of the wavyguide accelerating

systems by the particle motion in zh accelerators to the superhigh

en ergies.

A. N. Didenko, V. K. Conaai, G. P. i'omenko.

(Scieatific rase;arch instizut4 of nuclear physics with by Tomsk

polytechnic institute)

iRecently widely is iavastigqted a question about the possibility

of applying the waveguide dcceierating sections in the cyclic

accelirators to the suparal aaaZ9ies. Thus, in (11 it is proposed

to utilize waveguida sections as tue accelerating systems of

electron-positron accelerator on 100 GeV. It is proposed to use to 7

waveguide section, also, in one of the versions of the accelerating

system of the cybernetic accelerator of protons to the anergy 1000

GeV [2].

fha special fsature/pecuiiaricy of the use of waveguide sections

in tis case is tha fact taat hd frquncy of accelerating field

must be modulated in the process of acceleration. This leads to the

slip of field :elative to parzicles in the process of acceleration.

1:



DOC 80069306 PAGEa9

The consequance of this is cne Z-ac that the optimum accelerating

sections will be such, in waica tne HF field has in general all 6

components of fie.!d. As I- das snown in (3], such fields lead to

connection/communicaticn of Deatron oscillations aoth between

themselves and to connection/communication with the phase

oscillations, ADpearing in thiz case additions to the betatron

oscillations will be inversely eroportional to energy of particles,

and, thus, they change in tae t ze according to the specific law.

This leads to the fact tnaz in tna proceass of acceleration tha

operating point completes aotioL on the diagram of resonances and in

view of this can pass tnrougn some of them.

Page 71.

Therefore it is of interest to examine particle motion in the

acclerator, as the accelerating aiament/cll in which serves

waveguide section, and to invastiate the effect of HF field for this

motion. Wc will solve F cDlam wrt-cing/recording s-parately equations

of motion in tha straignr porzion with a length of L, where is

arranged/located the acceierating section, and in the sections of the

element/cell of the periodicity where there is no HF field. In [4.5]

it is shown that the structure, close to the optimum, will be a

4 system of the type of douale-row stairs in the circular waveguide. We

showed that approximately tne components of the field of the cophasal
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symmetrical wave which they art onzy and of interest, in th-1

rectangular coordinate sys-cam (y is directed along the axis of

waveguidJ?) they take the zollowing form:

E cg 2*r A - x coC - 4)1

E ME Co!%hX ~ -

2=r 2= I

H,=E 30 C-2sh--cos wt-2-liHe- Ems 2a 2 21C
/ _

EsmH =0.

Equations of motion in these iieids in the linear

approximation/approach ara dividda on x and y. For the magnetic

structure, selected in tha radio engineering institute of the AS USSR

for the synchrotron to 1000 GeV, equations of motion for any section

of the elament/cell of periodicizy it is possible now to presant in

the following form:

where X(y) represents eitaer radiai or vertical displacement, and

k(y) satisfies periodicity condition and equally respectively:

0 - M nPSIMOmIe KOM Y4*IC4K'O,

± -KflpytO1IbIX A)

± ±• IlL 1 2 S . 3a m op a o x eu 34Ma ' .X,.

0I
Key: (1). in thq straight porzicn. (2). in quadrupole lenses. (3). in

IA1
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turning up magnets. (4) . in waveguaide sections.

Heere G - gradient of magnetic tieLa in the lenses; p - radius of

curvature of orbit; B - maximum iaauction of magnetic field; Is and

a S - iguilibrium phase anu energi of particle. Solving equations (2),

w-i will obtain thz matricas/dias, which describe particle motion in

any section of the element/ceil oz periodicity. The

general/common/total matr±x/die of transition will be the product of

these matrices/dies and i-a it is possibl to represent in the form

[6]

-s~n Cos5L1J,

wher 'a , ,, z and y - known cnaraczeristics of betatron oscillations.

We Famined 2 versions of tae location of the magnetic periods:

1) magntic periods wacn ;he avqguide accelerating sctions

evenly distributed in tne circumference of accelerator. Matrices/dies

M in this case take the form:

NZ-(
4 )T o(Lr,)-To oe)rJO(L) To(&I}x

e))
M I0LT0eT0LT0

X. 117LTOe) F~ S- I
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Here TF, TI. TS , B , 0(j -Mat1rix/dis of focusing and defocusing

larns~s, turning up magnct, daveguiu1d, sactic-n and straight sE-ction

length y respecti-vely;

2) tnagns-tic periods dith tne 4aveguids sections ars located in a

row -n )n-: olacea for circumfer.anca. In this cass

212
§~ 21

10 .~( )T.20 (L) TF 0(t) F B T2

Calculation ~,~ ,and Mf* oilo~ea method itself, proposed in [7],

on ha comouters BESM-L4 for tne following values of the parameters of

synchrotron on 1000 GeV: p=1736 mn, B=19.2 kg, G=3.045 kgf/cin, L=39.52

ED, l - ' 2 . L S- - 7 4 oz

.e EmsnS-hS451,99136 ev . -'
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. "1.

Fig. 1. Diagram of resoancs and aotion of thrz operating pont of

accel -arator.

i Page 72.

i i The results of calcula+.ica ara given in Fig. 1.2. Fig. 1 depicts the

I,,

Dam of rssonances and as ShOWn the motion of operating point in
the acclerator. From the figure one can see that with a chang in

the energy .h operating point the secants of the resonances of the

3rd, 4th and higher ordr and wita the high energies (-500-1000 GeV)

A it approaches its position witcut the waveguide section. Fig. 2

shows divergences r, (solid lines) from the appropriate values

without the waveguide section (proken). For the illustration are
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given only the charactsriscics or radial oscillations for one section

of the tlement/cell of oerlodicity. Calculations show that the

waveguile sections change maximum value 0 approximately/exemplarily

on 7-8o/0 for the bouncing and aoout 5o/o for the radial ones. The

same pizture is observed also in tas cas. of the nonuniform location

of the magnetic periods wiza tne waveguide sections.

Additions to , ,y aad p are the functions of time and,

apparently, any changes ini the magnetic system cannot compensate

those effects which intrcduces zna wavyguide structurs. Therefore we

examined the possibility oi eiimnating these effects due to thp

location of waveguide sectioas. If we arrange waveguide sections so

as to adjacent sections wou±d oe aurned friend from carrier the

friend on 900 (system ct zhe ;jpe 1,waveguide quadrupole"), then the

appearing supplementary resonances have very high order (the 5th and

more), which are not danyarous, nut additions to values (, x, and y

do not exceed 1-2c/o.
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111. Interaction of beam with the transverse waves in the periodic

structures if high-current linear electron accelerators.

V4

I. A. Grishaev, G. D. KramsKoy, A. i. Zvkov, G. L. Fursov.

4 -

(Physicotechnical institute of tna AS USSR).

To the investigation or the "shortening" of make pulse in the

linear .lectron accelerators ar dedicated experimp-ntal [ 1-9] and

th'oretical works [10-15], in whica it is established/installed, that

the riason for this effscz is zna =xcitation by beam in the periodic

structure of accelerator, aesides wave E01, hybrid (transverse)

waves, in particular waves Eilan, waich act on beam,

deflecting/diverting it in mhe transverse direction.

A

Critical (threshold or saximual) current Iwop is inversely

proportional to the duration of mate pulse and to the length of

accelerator, and also it depends on the geometry of waveguide,

quality at the defocusing mode, the group velocity, the focusing

fiell. As shown in [3,. 4]ikp in zae multisection accelerators

substantially less than in the accelerators, which consist of one

section, the mechanism o± tae development of the lateral instability

qA

* I4

77,__



DOC 80069306 PAGE 492

with the high =nergirs and -ch2 ju.se curr,.nts sev3:a1 ten

milliamperes carri=s cumuidtive character (5], while in

single-section medium-energys acce±erator and curr.nts in several

hundred milliamper-.s instaoiliy ads rsgenvrativa character.

Page 73.

In [10-12] it is assumed that the amplitude of the excited by

the grouped elpctron beam is aexidi-asymmetric wave EHII with

v, e- Cis proportional to "an radial displacement of part or

clusters. The field of this wdva is represented by the superposition

of radiation fields all earli r flown clusters and builds up in the

time.

As the final result, tae solution of equations of motion,

accor'iingly [ 10-12] leads to tne exponential expression for the

transverse displacement of clusters at the output of linear

accelerator, which applicably Dotn in the case of cumulative and

regenerative instability taxes tha form
- x. e()

where 'M - the transverse displacement of n-th cluster; which

corresponds to the moment/torque of time t from the beginning of

injection, x0 - initial divergence, F - coefficient characterizing

structure both the parameters of accelerator and that expressing, il (

11 __ _____
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particular, accordingly 11J ILI the form

jF..1,54(CI, 4/3 d__UT_

'guI 0

eeL t -i - '  
- transverse shunt r-sis t,

effective length of interaction of beam wi:h wave L - the distance

betwee.n the intearacticn rz~ioas; 1 o - beam current; Q - quality of

Sszruct;-uri; w=2wfl, - fEreqaency; -time,;:.. - longitudinal

coordinata; , - initial and final energy of electron in unity

moC 2 ; e - electrcn charge; c - speed of light.

Expression (1) in or £11 ] is obtained, on the basis of the

model, Dn which multisection accelerator with ths sections of

variable/alternating struczure, represented by the sequence of the

single resonators, beam induced at the frequency of hybrid mode f 1 j,

moreover -he -3xcital levei )i resonators is proportional to the

transverca coordinate oi particle or cluster x and as a result of

effect on the beam of the excited resonator in beam appears certain

structure in th- transvarsd direction, so thaz x will be modulated

with the frequeacy, clcse to f1*.

The source of initial disturbances (particle displacements from

the axis/axle) can be snot noises in the beam, collision excitation

due to inaccuracies in Zhe settinj up, thermal noises in the

sections, noise or parasitic signals from the klystrons, electrical
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discharges - the stron 311? -eids, etc.

Availabls axperimentai data on make it possible to maka a

single-valued conclusica dbouz. which of the sources of initial

driving is more important.

Thus, as the basis of caeoretical examination in the mentioned

works they az: plac.d twc assump&ion:

1) th -s proportionality of tna amplitude of the induced by beam

signals on wave EH11 tc the transverse displacement of particles or

clusta3rs and

2) thp n-ed for initial disTarbance/perturbation or transverse

displac-ement of particles (cluster) x for the development of

instability when the remaining parameters of accelerator are such,

that it can b9 developea. One snouid emphasize that the validity of

these positions did not directly undergo experimental check.

In the present worx was undertaken the attempt measure ths

parameters of instability at rne varied conditions for passage and

interaction of beam witn tL= periodic structure of accelerator.

Were Investigated depeadancesIK9,of amplitude and frequency of

j4
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the induced by beam signaLs on wave Elf,, and EH2 1 , the coefficients

of clustTr amplification ou a cnange in thp following parameters:

1) ths initial transverse (isplacement of beam as whole relative

to th. axis/axle of the sapza-.. waveguide;

2) the quality of the septata wavsguitL. on wave EH,,;

3) the longitudinal focusing magnetic f.Leld of solenoid;

4) the diameter of tac injected into the accelerator beam;

5) the agreement of tfl end devices/equipment of the septate

waveguid i.

Experim.ntal setting up aad procedure.

The schematic of expeazimntal installation is shown in Fig. 1.

Electron beam from the injector with the energy in the maximum of the

spectrum 5.5 MsV was carrisd out tnrough the septate waveguide with a

13ngch of 2.5 m without tna inzroauction/input into it of power at

the operating frequency fo0 =2797 MHz, i.e., without the acceleration.
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/11

/2

Pig. 1. Schematic of eyperimental installation. 1 - lactron gun; 2-

match~ing transitions, 3 - injector section; 4 - load; 5

intz:aharg~able. oli-a3 6- ~n~tgtdscptati wavsguid- ; 7 -

fzcusing solenoid; ~3 - faraday cylinder; 9 - the glass plate; 10 -

wavpguidi transition frcm 72xJ4 mm to 48x24 mm; 13 -waveguide48-24

attauatrs;17 m-asuingracaiv~ar; 183 oscillograph; 19 - SHF

Page 74.

Structurally the diaparajw waveguide ,as carried out

disnmountable and consisted of 5 suosections with the flange9 joints

and rubber seals on the ends/leads of the subsections.
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At tn: outDut of Plect'oZ coaiUuctoC (after the exit matcher of

the diaphragm waveguide) das zstamlishe.d/Jnstalled the faraday

cylinder with the the measuring screen-flag for the survey of form

and posi.tion of beam with "ae aid of the television cam.ra, which

terminates by steel cap with tne zurning in the center section in

diameter of 40 mm and thic~aass of walls 0.15 mm, which made it

possible to obtain the impressions of beam shape with the aid of thA

glass plates, adjusted on tne dxtaznal wall of cap.

SAt the input and outlet ends of the diaphragm waveguide they

w'zre established/installed macching junctions to rBctangular

waveguiles 72x34 mm, on which entered the HF signals, induced by beam

and supplied from the exteraal oscillator. Input rectangular

waveguid 72xT4 mm concluded ita transition section by the waveguide

I 8x24 of mm whose designation/purpose consisted of the filtration of

the signal, induced by beam at tlie fundamental frequency of 2 Hz.

Exit rectangular wavegaide 72x34 am concluded with the specially

matched T-joint, to cne cf arms of which was connected the load for

absorbing ths signal of iundamntai. wave, and to the other -

rectangular wavguid e by tnae sizes/dimensions 48x24 of mm. The vacuum

seals between the basic wav.quice channels and the septate waveguide

with the matchers it was accomplisned/realized with the aid of the

t.flon partitions with a znicKnass of 4 mm, Pstablishod/installed in
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the choke flanged joints.

The sfptatz waveguide and tae focusing solenoid were

istablished/installed ca frama and they were adjusted independently

with the aid of the regulating aevices. The adjustment of sol-anoid

and section relative to tne axis/axle of the injected into the

section bundle from the anj.ccor was checked with the aid of

television camera and fixing of the impressions of beam on the glass

plates. The adjustment of solenoid was considered finished, when the

diparturp/attendance of canter wi-cn an incr.ase in the field from 0

to 400 e did not exceed +-3 ma. These beam displacements in the

measurements were compensated for oach of the values of magnetic

field by the system of the correction, arranged/located on the

septate waveguide. The alignmant accuracy of beam on the axis/axle of

waveguide was +-0.5 mm.K
At the entrance of tne septate waveguide was

astablishad/installed tae remotely/distance adjustable collimator

with the set of openings/apeztures (precision/accuracy of their

setting up to the axis/axle +-0.2 wm).

Signal from beam at frequency fl, came from the entrance of

section into th3 measuring receivar P5-5 and was observed on the

oscilloscopp fa7e S1-13. Sijnal fo, did not fall into the receiver, (

I I __ ___
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being r.flected from tho - - chs long section of waveguide 48x24

N'm.

Th mzasurzment of signal Ampiitude was achieved with the aid of

the calibrated attenuators dt tne entrance of receiver.

High-frequency oscillator4j-23, connected to the output of section,

snrved as the :4xternal scarce oi axcitation in the septate waveguida

of oscillations in the range 1700-4100 M1Hz. The passed through tha

section signal from G3-23 also came oti P5-5 and was observed on

S1-13.

Pulse generator G5-15 made it possible to smoothly eagulate the

Iomeqt/torquA of startiay/launcnin4 G3-23 and to see on oscillograph

the combined or displaced in zae time signals from the oaam and

G3-23.

The beginning of "shortening" was determined on the oscillogram

of current pulse from the iaraday cylinder and in form and amplitude

of the. oscillogram of the signal, induced by beam at frequency f, 1 .

Initial beam displacement.

The axis/axle of the Dundie, injected into the septate

waveguii-, was displaced relativa to thi axis/axle of the latter in
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the horizontal and verticai d4rect-ons in the limits +-(121-0.5) mm

by displacing the frame, ra9idli connected with the waveguide. The

obtainel displacement was tixfa/recorded on the impressions of beam

on th - glass plates. The d-ameaer of th injected bundle was

regulat-2d by rpmote/distance coilimator at the entrance and comprised

in these me asurements 1 ad 2 mam.

Full/total/complete input aiv;rg.nce of beam from the injector

composel 3.10l 3 for 100o/o of parziclps; however, the diameter of

beam at output in which it is ccanained by 80o/o of particles, it lid

not exceed 8 mm with the diamezer at the entrance 1 mm, so that

maximum divergence for d0o/o oz 1azticles did not exceed 1*10-3.

Wece measur.d dependdaces;K p,of the amplitudes of the induced by

bundle signals on waves EHUI and Eki2 1 and the amplification factors

by thq bundle of the signals of external oscillator on the

displacement of the axis/axle of bundle relative to waveguida in the

horizontal and vertical airections.

J!
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Fig. 2. Fig. 3.

Fig. 2. Dependencelyp and amplitude of induced signal U on wave EHII

on beam displace-taunt relative 'zo axis/axle of waveguida. Diameter of

collimator 2 7ra.

Key: (1). mA)

Fig. 3. Dependence of coeficam u of cluster amslification kav on

wave EHI, with coincidence of oeam bursts and generator on beam

displacement relative to axis/axle of waveguide.

Key: (1). dB. (2). mA.

Page 75.

Fig. 2 shows the results of measurement an of the induced
'-

dipaeetrltv o xsal fwvgie
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signal level on wav- EH,, ia azc.iDls u(x) with different currents,

relative to signal level with the current I=41 mA from the

displacement of the axis/axle of the injected into the waveguide

bundle.

Fig. 3 shows ths analogous a.3pend.2fnce of the factor of

amplification of the signal of oscillator on wave 3Hll with :he

coincidence of the beam bursts and oscillator.

As can be seen frcm F-g. 2, 3, correct within error limits for

measurement (+-2 mA), cLiticai current, level of the induced signal

and coefficient of cluster amplification do not depend on the

position of bundle.

3easurements were made both for the waveguide without the

sections/cuts of diaphragms aad for the waveguide with the

s-.ctions/cuts of diaphragms, and also with the beam displacement not

only in the horizontal, but also in the vertical directions, with the

introduction/input of beam at angle to the axis/axle of waveguide and

the beam displacement with the aid of the system of the magnetic

correction (latter was done for the waveguide with the sections/cuts

of diaphragms). In these all cases during the repeated repetition in

limits of accuracy of measuremanTs it was not fixed any dependence of

the measured parameters cf instaDility on wave Ell on the position of
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th- axis/axle of bundle relative to th: axis/axle of waveguide.

Fig. 4 shows the dependences of the build-up/growth of cluster

signal on wav. EH21 (frequency f£2=5520 MHz; '" )r - on th

displacmmnt of th.. axis/axla of Dundle in the horizontal direction

with -rha different current strang-ns.

As far as dependence is corcerned the induced by bundle signal

level on wave ER, with. tae displacement of the axis/axle of bur.dle

-n th,. vrrtical dirction (it is perpendicular to the plane of the

axis/axle of rectangular wavepu;de of input coupler), then in this

case it did not change.

Quality of the septate waveguide.

As it was shown in [o, 7] tne dacrease of the quality of the

septat e waveguide it can ae acnieavd/reached by the introduction of

radial sectiDns into the diaphragms. This method was utilized in the

present work during th =: dateer minaion of depende.nce Imp on the

quality. The results of maasuraments and calculations are given in

Fig. 5.

Fig. 6 shows the dependences of the frequency of the hybrid wave

EH11, which correspond tc value ()110 from length and type of
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_-adial s-.ctions in width of sac'zaoa/cut 0.4 mm, dea'rmiaed from

resonance measurements Lb] and are olotted/applied the experimental

points, obtained as a resuir of mdasuring the frequency of the

induced by bundle signals.

I(

F

:1 .1
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F aFi. 4. Fig. 5. Fig. 6.

V Fig. 4. Dependence of ampjiiua of cluster signal U2, on wave EH2, on

beam displacemr-at relative to axis/axle of waveguide.

K.y: (1) . I B. (2). mA.

Fig. 5. Dependence 1%p on relative quality of structure Q/Q0 1 -

result of calculation (wiznouc taking into account energy losses by

bundle to radiation/emission on fuadamental wave) according to work

(12] and data about quality at different length of sections/cuts [6];

2 - c-su!t of analogcus calculation taking into account losses not

radiation/emission (16] witan the use of averaged value of energy;
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point- - r sult of measuzeanmt. Along th. axis of abscissas -s

d3pcsit .d/postponed thc ratio oz 4aality Q to valus of Q0 without the

scctions/cuts.

Ke: (1). mA.

Fig. 6. Dependence of frje4uencl of hybrid wave EH,, (vir)?-C') on

length and type of radial sac'rzcns in width of slot 0.4 mM. Points -

value of si.gnal frequency, induced by bundle; 1 - rectangular

section/cut; 2 - cross-shaped.

Ke y: (1). MHz.

Page 76.

Diameter of the injected Dundle.

There was a vagueness regarding the effect of the diameter of

the injected into the accaizrator Dundl = to the value of critical

current. On one hand, this ju-3szion in practice was not examined in

the investigations on the cluster instability, with exception of work

[131, where it was indicated tha- the threshold current at the

permanent electron density must grow/rise with an increase in the

working wavelength, or at wave leagth constant and density with an
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ireaso in the sizs/dimt-nzioas or bundlce, whi:le on the other hand,

Ithere= was an opinion that for increasing critical currents iJt is

atic'ssary to utiL.'1z3 d'qnsz Dundles of small sizss/aimensions with -the

sharply outlined boundarieas. 4a cazrised out the measuram:ents o~f

dependence 1,,V on the diameter 3z tae injected i~nto the septats

waviguida bundle-. Ths diaan tar of uund1a changed with thpe aid of the

r-amotci/distancrv collimatcr ar- tcha il-rnan, nt mold and the-- d :nsity ofa

bsam at the entrance into tne collimator.

Then. results of measuraems are represented in Fig. 7 (as

parameter serves the value of the 4ualit" of waveguide) . From the

curv-is it s vident that critical currqnt46 not only does not descend

with an increase in the diamet~z of bundle at the entrance, but alsoI

grows/rises approximately/exemplarily 1.4 times with an increase of

the diameter of opening/apartura in thn- collimator from 2 to 24 mm.

'ith the full/total/comileta iapuz current of colliJmator 800 mA 80o/o) current it is concentrated in the uaaueter of 8 mm.

Dependence rkp, and of tne induced by bLuidle on wave EHII signal

on value of th'3 focusing magneatic field of solenoid.

'1I]The use/application of a focusing fiseld of solenoid for

increasing the limiting current was examinsd theoretically in workshi[10, 141 and itwas investigazad experimeni-ally in [8]; howeaver in
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[ ] they w r not given a :nd=zcat h on the magne-ic field strength.

Since this questicn is insutficiently studied and is of

oractical intarsst, werr carrie out tha msasurements of the

dependence of the value cf criL.c± current f:om the magnetic field K
at the different values cf the quality of waveguide, and also of the

induced signal !9vRl on wdv- SH*1 in th- case of waveguide without

the s:ctions/cuts. Nagnttic f.LaL was created with the aid of three

focusing coils with a total langta of 160 cm at thi overall length of

section 250 cm. The maximum magnetic field (averaged along the

lerngth) composed 400 e.

?ig. 8 depicts the depenuences of cluster signal level at

frequency EHI* of wave on tne vaiuas of focus current, measured for

the waveguids without the sactions/cuts of diaphragms. It is evident

that the imposition of magnatic ziald sharply decr-ases the

generataile signal level.

Fig. 9 depicts the depenaencas of critical current on the
magnetic field strength. 4ita field change frcm 0 to 400 e critical

current increases approximately/exemplarily 2 times at all values of

quality; it shoul. be nctia tndz cdlculations according to the

formulas of work [10, 14] give a considerably smaller increase in
critical currant: iccordiny to calculation, field into 400 e at t -

overall length of waveguide (2.5 a), gives increase of critical

currint only 1.4 times.
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SFig. 7 Fig. d ¢qq

1 Fig. 7. Dependence of crx.ricai current on diamter of collinete-r with

iua~ity of waveguid - Q=lO000) (1) and Q=3000 (2).

K y: (1). mA. (2). Diamet , ram.

{ Fig. d. Dependences of cluster siagna. level at rejuency E~I11 of waveIi! on current at diff~ent vaiues of Lagnetic field.

Fig. 9. Dep~nd~ncs of rl.tlcdI current on focusing magnetic field.

Q-factor of waveguide.

AM )j

jq JIM

Fig 7. Fig 8 ~ '~ -~
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Kcy: (1) mA.

Paqe 77.

With the imposition of magnetic fi'_Id and currents more than 400

mA was 41iscov.rd nonlinear (apjarently, plasma origin) effect- was

observ-?d the p"uliar "aftaraftc" of .lectron beam, which consists

ia the fact that the impulsc/momeanum/pulse from the ex-ernal

oscillator was distorte ian form a±td changed in ths amplitude, being

I ih was arrang'ed/lccated an zhd time cons-.derably later than the

clustar im?(ilse/momentum/,)ulse, moreover this temporary/time brace

varied from 2 to 20 p s dep-ndinj on the frequency of external

oscillator and value of beam curreat.

Fi-g. 10 shows the depedance of the tim i of the brace of

interaction 3f the signal of osciliator with the "residual medium" in

the wavequide (remaining after tha passage of beam) on the oscillator

frequency with the current 520 mA and the field 400 a.

Unfortunatqly, effect is aifflcalt to reproduce and was not in

detail studied.

,LA
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Agreement of the end dvic.s/equipment of the septate waveguile

and the frquency d!pndacz of zna factor of amplification of the

hybrid wave EH1 1 .

As indicated in [ 15], tarisnoid current in th section of linear

accel arator it must daeprd on -cne aegr. -  of the agreement of th?

saptata waveguide with the end transitions at the frequency of hybrid

mode with 76-0, descending witn an increase in the reflsctions.

Th4 virtually always matcn:ng transitions, which do not reflect

in the fundamental frequeacy fol, introduce large reflections

(k.s.v.-5-6) at frequency z**. Attempt to experimentally determine

the effect of mismatch on the level of critical current was

undertaken in [9]. Where it was established on a short section

of the waveguide that the level of the induced signal decreased

three-fold with the matching of the waveguide output.

As indicated in [9], this result little which gives fo, the

multisection accelerators with the permanent gradient.

We carried out the measuraments of the dependence of the induced

signal and critical current on the agreement of end transitions. It

turned out that the amplitude , t tne induced by bundle signhl in the

waveguide without the secrions/cuts varied approximately/exemplarily

2 times with a change cf disagreeiag/mismatching the input transition

from SWR on the order of 1.3 to SWR, it is equal to infinity.

However, a substantial chan4e in critical current in this case it was

not discovered.
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Let us note one additiondl tact, which concerns the behavior of
the coefficiant. of the cluscer ampLification of signal from the

external oscillator at the diizerent values of current and signal

frequency. such dependences are given in Fig. ii. from the figure one

can sae that with thp spec:fic curzrnts and at the frequencies zhe

bundle can not only ampliLy thz supplied to the system signals, but

also weaken/attenuate theia.

Conclusion/output.

1. Measurements conaucted concerned case of single section of

accelerator with permanent s:crcture, i.e., case of regenerative

instability. Therefore nct all of the obtained conclusion/output can

be valid for the case of cumulative or combined instability, i.-., in

connection with multisection accelerator.

2. It is experimentally saown that constant values in time (of

equilibrium) initial displacement and angle of entry of beam relative

to axis/axle of periodic structure do not affect parameters of

instability. These data contradict the given in [3] dependence of

signal level, induced by Dundle in one of the sections of accelerator

on 2 GeV, obtained with tne beam displacement with the aid of the
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magns-zic system of correct:.on, estdblished/install-d in th,

precedi.ig/previous secticn. As yet there is no satisfactory

explanation to this fact an it is possible to only assume that in

sxpr.ssion (1) , which d6scriDas tne incrsase of the sizes/dimensions

of bundle during the advance of it along the accellrator, by ;zc

should be understood variable ccuponant of origin coordinate, i.e.,

initial transverse modulation of tne bundla of noise origin. In this

case the results of sirilar type experiments on the single-se,' ion

and multisection accilerazors can aot be single-valued.

3. Critical current in tne tirst approximation, is inversely

proportional to quality of structure, which satisfactorily will agree

with calculations according to data [12].

4. Critical current in investigated interval of values of

focusing magnetic field linearly grows/rises with increase in field.

-1
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282

Fig. 10. Fig. 11.

Fig. 10. Depand~ncs of :imz oi Drace of interactioa of signal of

oscillator with "residual" med3.um in waveguide on oscillator

fre3quency with cur.snt £=520 mA and fi.ld 400 9.

Key: (1). ms. (2). M Hz.

Fig. 11. Dependences of coerficient of cluster amplification on wave

Eli,, on frequency, ParaMeter - neam current.

Key: (1) dB. (2) . mA. (3). LIiz.

Page 78.
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Page 79.

Session IX.

RADIO ELECTRONICS OF ACCELERATOaS. Measuring systems of the

paramgtprs of beam.

112. Syst-ms and methods of Daaa aisplay on th accumulator/storagea

of FTI of AS UkSSR.

N. I. Mocheshnikov, L. V. Reprinetsv.

Physicotechnical Institute AS UKSSR).

The implementation of zhe program of studies on thq dynamics of

baam on the accumulator/szoraye requires the creation of the complex

of diverse equipment for diagnostics of beam. On the

accumulator/stoage N-00 [I] is provid:ed: a) the measurement of the

paramaters of thR injected oeam; D) characteristic measurement of

stacked beam on its synchrotron radiation; c) the study of the



DOC 80069307 P A G P 3,.

harmonic composition of sztred curenth.

Fig. lq. shows the scaematic of injection measuring

equipment. Beam from the liaeaz e±ectron accelerator (LUE) passes two

rotary magnets (P.4) and it ialis into the working clearance of the

inflector, arranged/located in straight section. Wish the aid of the

magnetic-induction sensors D, ana 02 is measured envelope and the

coordinate of the current pulse of accelerator at the input in PM,.

S nsors work in the aperioaic mode/conditions, their signals are

amplified by the widebaa ampi3fiazs (USh). thp accuracy of the

measurement of angle water in PM is +-10-3 rad for the currents

10-100 mA in the impulse/momentum/pulse. With the aid of the

magnetic-induction sensor 03 is wdae the m,asurement by the envelope

of currant pulse after ?Mj, a aumnar of electrons or positrons in one

message, and also the measuzem,=nT of energy with precision/accuracy

+-lo/o with the aid of cclimation of beam (K). Sensor works together

with the operalional am~lifier (UO), that makes it possible

consilerably to weaken/attenuate tne effect of instability on thq

output signal. In the measurement of current the operational

amplifiar provides the aperiodic moe/conditicns of the work of

sensor, while in the measurement of charge - resonance [2].

SansiCivity of sensor in tna aeasurement of current and charge of 50

mV/mA and 1.6@10-8 V/particle respectively, operating speed - 40 ns.
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With aid of ths meter of ca spectrum (IS) maasurements are made

of the pulse energy characteristics of -:.he injected beam with energy

resolution +-2910 - 3 . Sensor is movable ionization chamber, situated

in the focus of magnet EM,. Collecting anode of the chamber/camera of

sectional, width of bands :Ls I mm, the gap/interval between them of

0. 2 mi. Signals from tha sepa-ate oands through the delay unit (LZ)

are supplied to the osciliojr±ln on screeii of which the image of the

spectrum is obtained in the form or histogram.

Paramet-rs of beam at its injection into the ring are measured

by the system of two-dimensional ionizing chamber of sensors (ID1,

ID1, ID3), established/instalied directly before the inflector, after

it and through 1/2 revclu.Lons of beam in '.he ring. They make it

possible to measure thq mayaituae of the charge, its distribution

over cross section and location of the center of gravity of the

injected beam. The aperture of eacn sensor comprises 60x4O mm2 ,

three-dimensional/space resolatioa 5 mm. With the aid of the relay

assembly (BR) they by choice can be connected to the system of the

electronic switches (EPL, EP2 ), which make it possible to obtain

charge distribution according to two coordinates for one injection

impulse/momentum/pulse cn the scran of dual-trace oscillograph.

Fig. lb shows the schematic ot equipment for measuring the

parameters of stacked beam on its synchrotron radiation/amission.

• !4
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Azimuthal particle dastrDution is measured with the aid of

singl-chamber image converter tube (EOP) whose scanning/sweep is

conducted by sine voltage witn synchronous frequency " With the

sizes/dimensions of clustez, small about to comparison with the orbit

circumference, is utilized tne norizontal sweep. Image on the screen

EOP, corresponding to tue azimuthal distribution oE electrons in the

cluster, in this case is analyzed Dy camera tube "dissector" (DIS 2 )

and is oscillogramed. Gauying sagnal is obtained in this case by

scanning/sweping the point-source image. With i.;age sizes, compared

with the period of scannin/sweep ifor example, in the presence of

the synchrotron resonarce), ia ZOP is utilized the circular sweeD.

With aid of the diagram c stroning (S) from the sequence of the

videosignals of televisicn camera (TK) it is separated/liberated the

signal of one lines whcse image simultaneously is extinguished on the

screen of kinescope. In the measurements is selected the row, which

coincides with the diameter or scanning/sweep EOP. For the reading of

the amplitude of synchrctron osciliations the image is moved with the

aid of phase converter (FV) on tne scanning/sweep EOP so that its

edge consecutively/serially they would be combined with the gated

row,

I Page 80.

If . . . . nl i" ! I I ! 1 ! I I I !
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The resolution in the measuzements with th: dissector composp.s value

-10"1 0 of s and is limitea to zne final duration of the light pulse,

emitted by exact cluster into tne solid angle EOP, and also other

next factors (3, 4 ). At "rne swaeq z-equency of the dissector 50 Hz of

the msasurempnt of azimutnai axtea. it is possible to carry out in

the range of energioes 50-100 MeV for the accumulated currents >1 mA.

Recording the center-of-4-avlrv location of cluster in the

accumulator/storage, it is jossaiDi to measure a change in its

synchronius phase in tha presence of coherent losses. This is

achieved by differentiazion of signal from the dissector DIS 2 and by

fixina the; moment/torque or its passage through zero on the

oscilloscope face. The accuracy cf measurements composes value of

+-0.50 for the currents >1 mA and is limited to instabilities in the

sweep circuits EOP and HF generator.

For measuring particle distrioution in the cross section of

stacked beam is utilized the issector DIS,. It analyzes the light

cross-sictional view of Deam, wnich is created by the synchrotron

] radiation/emission. Resolution basides the factors of technical

character is limited by the "diffuseness" of the light image of beam,

which is caused by the properties of quite synchrotron radiation. For

4 ...
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the installation N-100 it is e:..t.ated by a value of -0.1 mm duriag

the imagp transmission zc taa issector with optical multipiicity lx.

The measurement of tna courdinates of equilibrium orbit is mad--

by tna ii.terruption of neam Dy the introduced into vacuum chamber

probes (3, Fig. ib). In all aza 5 radial and 3 vertical measuring

points. Coordinates are counrza oft on the screen of electron-beam

afterglow tube. To its ncrizontaily deflecting plates is supplied the

stress/voltage? from the linear potentiometer (PL), mechanically

connected with the prote, while to those vertically deflecting -

signal from FEU, recording mcment/torque intarruption of beam. The

accuracy of measurements depends on vacuum and is equal to -1 mm for

P<10 7 torus.

Fig. 1 C shows tne schdmatic of equipment for studying the

harmonic composition of current in the accumulator/storage with aid

of rssonance reciivers, ad3ustaa o the harmonics of the frequency of

revolution of cluster in tne accumalator/storaqe.

The strength of accumulazad current is measured with the aid of

a pick-up-electrode (PE) end the measuring superheterodyne receiver

(IP2), adjusted to the second narmonic of frequency of revolution

=.0 4.5 LMHz. Signal from it is detected by linear detector and is

recorded by indicators (1). Tae minimum measured current is eqt:al to
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50 pA and is limited tc intarzreace from HF generator. Entire

circuit was calibrated witn tae aiu of the Rogovski loop, which

recorded signal with the discaarga/break of stacked beam by

inflactor. The precisica/accuracy of absolute calibration composes

+-10o/o, if nacessary is considered supplementary error due to a

I change in the longitudinal sizes/dimensions of cluster.

For studying thc prccesses of thq self-excitation of ths

longitudinal instability ana angular damping is conducted recording

the frequency and amplitude-moauiated signals, induced by cluster on

the resonator and a pick-up-electrode. Resonator (R) represents the
4

specially prepared passive resonator which permits rearrangement to

the seacond third and fourth of zae harmonic of frequency of

revolution and has characteristics close to the characteristics of

ideal contour/outline. During the study of the processes of the

self-excitation of longitudinal conerent instability it was utilized

both for its excitaticn and recordLng the threshold of instability.

For this the frequency mcdulated signal, induced in it by beam, is

reco-ded by receiver IPI in widtn of band 100 kHz; the result of

frequency detection (Det,) is awplified by the selective amplifier

(UI), tuned to a frequency of conerent phase of osciliations (15-35

kHz), in this case width of bana or Pntire circuit comprises several

kHz, equipment makes it possible to carry out the measurements of

minimum threshold currents -5 )iA and amplitude of phase oscillations



DOC =80069307 FACGe

,q J

, u I J

.\7 /"/' / x

IIIN

M .", e 0

/,

, ,\ '9 . oL. /)

Fig. 1. Schematic of measuring equapment on the accumulator/storage.

a) apparatus for measuring the parameters of the injected beam.

Outputs of signals. 1, 2 - envelope and coordinate of the current

pulse of linear accelerator; 3 - energy spectrum; - envelope of

current pulse after rotary magnet, number of electrons or positrons,

5, 6 - profile/airfoil and coorainates of the bundle, injected into
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the .ing; b) squipment ior canractaristic measurament of stacked beam

on tan synchrotron radiation. rno outputs of signals; 7 - particle

distributicn in the stacked seas according to two coordinates; 8 -

synchronous phas-; 9, 10 - azmutual particle distribution in the

accumulator/storage; c) equipmenz zor studying the harmonic

composit-on cf the accumulated current.

K-iy: (111. DiJs2. (2). Dr-t2 . (J). Oscillograph.

Page 81.

The study of the processe.s cf fading coherent phase of

oscillations of large ampiltude is conductad with the aid of of

wid-bani receivir IP 3 , aajustid to the fourth harmonic of the

fr=-quency of revolution. W'dta of ats band is 1 Mhz, which makes it

possible to measure the amplitudes of phase oscillations to value of

-1500. Detectors Det3 and Det s separate/liberate the form of the

frequency and amplitude moulaticn of signal from pick-up electrode,

and Det 4 and Dqt 6 - respectivzly tneir envelope.

Fig. 2, 3, 4 give scme osciliograms of signals, which illustrate

the work of equipment.

43 IA
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Fig. 2. Charge distribution in the cross section of the injected

beam. OsciAllogram of s-4qnal from tue spnsor ID2: upper ray/beam

distribution acccriing tc tuae norazontal, the lower ray/beam -on the

vertical li*:ne; the step/patch of histograms 5 mm.

lon E NI W
BENNAARSma

SuMuIXEM~AI EMlW

I Fig. 3. Azimuthal distrabutioa of particles in the

accumulator/storage. hbcva - rcua oscillogram of gauging signal, ths

distancR '-qtwpen the markars 3 ns; below -the oscillogram of signal

ftom the dissector DIS 2.
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Discussion.

V. A. Kochagurov. Sensors D2 and D3 do measure the boundaries of

beam or the envelops of current pulse?

L. V. Rprintsev. Envelope of current pulse.

V. G. Davidovskiy. Usually photocathode sensitivity EOP is strongly

heterogeneous in tho surface. Did carry out you the calibration of

this sensitivity during tne investigation of charge distribution

according to the cross section of oeam?

L. V. Rleprintsev. In the measurements it was utilized only the

insignificant ragion of Faotoelactric cathode. The heterogeneity of

sensitivity was checked by preliminary measurements.

1Il

I,
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113. Methods of measuring tne pazaieters of beam.

V. Agoritsas, S. BattistlK, K. D. Dzhnoson, G. Shnayder.

(CERN, Switzerland). 1I. introauction.

According to the program oi tne European organization of nuclear

r-'search at present thsy will zoresee themselves the work on the

improvement of synchropnasotron, target of which is an increase in

the intensity of beam and optimization of the operational conditions

of synchrophasotron as injwctor into the rings with clashing beams.

The need of conducting the large volume of calculations in the

digital computer at present and in the future and also the need for

the creation of effective control system up to that moment/torque

when is intended to intrcduce into the action complex linear

accelerator - injector-accelerator - rings with clashing beams, led

to tha reasonable dacisioa to conduct the detailed investigation of

the contemporary possibilities ct diagnostics of beam and collection

and storage of data with the aid of the digital computer.

In the report is made the attempt to present the contemporary
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state of metrology in tnis regacn, and to also illuminate th -

contemporary developments oz equient, intended for measuring the

parame.ters of external ana in-cariai beams of synchrophasotron. In

many respiects this zqui~m.,nz Is aalogous to the technical equipment,

'evelope(r/processed at prestnt -or injector-accelerators and channels

of th transportation ot seams. In the -eport are not examined th3

monitors using targets, since tneir construction it changed

insiin .....antly from tha aomeat/torqug if issuing precading/pravious

:r port.s [1, 2] ind in many 3nscdnces these monitors were not intended

for the direct measurement of zna parameters of beam.

2. Characteristics of beam.

As a rule, during the devlopment of measuring equipment for

control of the parameters of acceltrators is necessary to have matter A;

concerning the beams of average/mean and high intensity; usually the

instantaneous density cf ziow ranges from 1011 to 1020 proton x cm"2

Ss-1 and the time-averaged daa saty of flow - from 1010 to 1013

proton X cm- 2 Y s'.

The flash durations of exzernal ray/beam it comprises: 10 ns

(one cluster) - 2 ps (20 clusters) during the rapid beam deflection;

100 - 400 ms during the siow Deas extraction. Equipment must measure

the parameters of beams wita tna tame structure (internal grouped and

_ I
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rapidly emitted beams) ana oeims ihich in the ideal case do not

possess the time. structure (iatcrnal groupe.d and slowly emitted

beams). In the latter case znere is very frequently undesirable time

structure of beam, whicn is measured by equipment for the purpose of

its elimination during zha suosequant adjustment; as a result there

is the possibility to det=hain- th. index of quality of beam (3]. It

is necessary to also measure zae position of the center of mass of

proton beams, the sizes/dim=nsicns of these beams, intensity and

change of the parameters wi-,h time.

3. Sensors of b.am.

For the latter several yeazs appeared many naw types of the

sensors of the Darameters of the seams, some of which are specially

adapted for the work tcgetner witn the digital computers. Some

sensors were subsequently modified, while some non-current. Table 1

g.ives the enum.ration cr the avaliable today types of the sensors of

beam, used in the proton syncarotron of CERN, that corresponds to

framework indicated abce of present report. In the table are

enum.ratad the :.ssential features of each type sensor, and the mor .

detailed description of teese sensors is given below. The more

full/totaler/more complete enumeration of the selected methods of the

monitoring of the parameters of beams is given at the end of the

present report. In the report aze utilized the following reductions:
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CODD - digital representa-.on oz tne closad orbit;

IBS - szanning device/equipment zor beam measure.ment;

SEC - chamber/cam,,ra of tae secondary emission;

SEPD - detector of the position of the beam of slow

concl tision/o utput;

toposcope - sensor of the profile/dirfoil of beam on the basis of the

usE of the secondary emission 4rcm fitting strips;

miniscanner - sensor of tne profile/airfoil of beam, which uses the

small target, scanned throug the neam.

4. Observations apropos of na) methods of beam monitoring, Rnumerat3d

in the table.

4. 1. Current transfcraers £2, 4]. It is possible to nam a/call

three types of current transformers of the circulating beam. Passband

for each of these types is shown in the table. Slow transformer

provides the precisicn/accuraci ci order 0.1o/o, the

precision/accuracy of interveaing tcansformer composes 1o/o, the

precision/accuracy of rapid transformer ranges from 2 to 3o/o for the
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m niddle of the -r3quercy band. £n4 atilized previously system of the

/ addition of the output siynils of rapid and slow transformers is at

pr,snt damountsd, since with tnis method are not utilized the

precision characteristics of slow transformer.

Current transformer in tna ra idly emitted beam has circuit of

transmission, which is sell-actuated fom the current pulse with the

duration of 2 ps which serves for ascreasing the effect of noise.

Page 83.

Some experiments carried out earlier with current transformers

in the slowly emitted beams made it possible to establish that due to

a small signal-to-noise ratio sucn transformers cannot be utilized as

the sensors of the intensity of Daam [2]. Are later investigations in

which were applied the metnods of statistical averaging, distance

incouraging results [5]. Tae authors continue to work on the

possibility of using the mentioned abovs transformers for purposes of

the check of the absolute intensity of the slowly emitted beams.

4.2. Electron emission from targets or plates [6]. This simple

and convenient method of the cnec of the intensity of external beams

is in practice extruded/excluded ay more expensive, but by the more

stable on precis-ion/accumacy and reproducibility method of intensity

(

;ij
LI 
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measurements with the use of a cnainber/camera of secondary emission

[7]. The emission of chatxq s-cil is utilized for the sensors with

the targets in intensity aeasurajaants of thp rapidly emitted beams.

In the development of investigations on by the calibration methods of

the chamber/camera of secondary emission recently were carried out

the experiments, in which das accomplished/realiz-ad the crossed

calibration of the chamner/cameza of the seccndary emission with aid

of current transformer in tne rapidly emitted beam and the activation

of aluminum foil [8]. Betweea zhe measured absolute values of the

intensity of beam still arc oos.-rved the? differences from 5 to 10o/o.

The utilized now in CERN procedure is reduced to use the

chamb.r/camera of the secondari amission, calibrated with the aid of

current transformer in the rapidiy emitted beam, as the standard of

intensity in the measuremants into slowly derived beam.

4.3. Electrostatic measur~ag sensors. Compact electrostatic

measuring sensors [9 ], estaDlishment in 40 straight sections of

synchrotron, ar-a at present, united into ono system which was called

the digital indicator or thc closed orbit of beam (CODD). This system

(10] measures the closed oroit, tracking the trajectory of one

cluster around the syncnrotroa and furthermore it makes it possible

to observe coherent betatron oscillations.
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transformer. (8). Current transformer front - 5 ns. (9). SEC,

calibrated in beam of ra~id conclusion/output or with tha aid of

activation of foil. (10). rapid. (11). k~lz. (12). 3Hz. (13).

average/mean. (14). Hz. (15). slow. (16). SEC, calibrated with the

aid of curr-nt transfcrmer. (17). eczrostatic electrodes (they will

be disconnected) . (18) . Acztvataon of foil. (19). curre.nt

transformer. (20). Electron emi.ssion from targets or plates. (21).

Activation of foil. (22). Posa.ion of center of beam. (23) . System I
CODD with electrostatic picxups. (24). Electrostatic electrodes (thus

far yet off-duty). (25). SEPD, that uses secondary emission and/or

ionization of gas. (26). dieccromagnetic sensors (are initiated

tests). (27). Electromagnetic sensor (it is proposed) . (28). Position

of beai and sizes/dimensions. (29). Special targets give

sizes/dimensions of beam only in "plateau" of magnetic fiald. (30).

foposcopes. (31). IBS - measureament of parameters of beam during

entire cycle. (32). niscanner at duct inlet of ejection. (33).

liniscanner at duct inlet of a3ection. (34). fluorsscent screens.

(35). Fluorescent screens IBS - scanning with 50 Hz. (36). Azimuthal

paramet-rs. (37). Brcadband eleczrostatic pickups with front 400 ps.

(38). Target sensors g-Je time srrcture. (39). Electromagnetic

sensor with front 1 ns. (40). HUDy oscillator.

Page 84.
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Rapid m-asur~amnts cz fraluaacv of ba.atron on small energy

levels [11] are carried out vid tae comparison of the frequency

spectrum of thi output siqnal of ai. ctrostatic pickup before and

after the excitation of btatzon oscillations with the aid of special

kick-ers. This principle cz aeasuramants at present applies to higher

l-vRl of energy.

Was racntly stablisned/ianstalled new type broadband

electrostatic.measuring sensor L12j. Resonance oscillations,

characteristic to old system, wera rei,.3ved due to a change in the

vacuum chamber design. New measuring sensor is based on the use of an

old structurq of eleactrodas, ic nas capacitive coupling with the v-ery

good carle and in the range of Icw frequencies for expanding the

passband is utilizal cathode zollower. The measured bandwidth of this

sensor is 120- kgq - 880 d1z.

The creation of electrostatic pickups for the monitoring of the

parameters of the rapidly emitted oeams is complicated techn.cal

problem, since the normal vacuum of external beam composes

approximately 10-1 torus, and at rnis pressure due to the phenomenon

of thi ionization of gas usual alactrostatic pickups become

unsuitable. Electrostatic picrups 4ere utilized at atmospheric

pressure (13]; however, tiss decision hardly was more convenient for

the majority ,f external oeams. 4a. expre.ssed opinion relative to
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promise of the use of slectromagnetic s:?nsors; however, such sensors

are not thus far yet developed.

4.4. Fluorasc3nt scrzczs. Rac antly for measuring the parameters

of tha slowly emittd beam of syncnrophasotron was used exDerimental

sample/specimen of resistant to tae radiation scintillator with oxide

of aluminum, activated ny caromuium. This scintillator is developed by

R. U. Allison and colleagues frcma the institute of Berkeley [14]. The

authors consider promisa.ny the usa of this material in future for the

monitoring of the parameters of tha beam of high intensity, since its

ssns-itivity proved to be sufficiently high for the majority of

practical tasks. Was also tested tne special television indicator in

which to y - coordinate cf raster x-y was addad scintillating

indicating light. Thus is raaiizad exploded view [15], in which are

more clearly visible the aonlinearity, inherent in television system.

4.5. Special targets [16] and miniscanner (17]. The

sizes/dimensions of beam in tna vartical and radial planes of

synchrotron are measured on "areas" of magnetic cycle with different

0inergies by the installation of forked target on the path of the

propagation of beam. After the tnorough control of target is made the

measurement of current in tne circulating beam before and after the

depression of target, wnic gives the possibility to determine the

current strength in the beam inside, also, out of the fork. Being
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assigned by any concreta/sp-ec:Ic/actual law of density distribution

of protons, for example ny Gaussian, it is possible then to calculate

the width of beam. To a certain asgree is analogous to this method

the mqthod of measurement of -a qaram e-.rs of beam with the use of a

target with the iariable dtstanca aetween the teeth. In this case

teeth are installed separatelj on two targets, arranged/locate d in

one housing. By changing t al dscnce b-twe-n the teeth and by

racording the strength cf circulating current before and after

a2!ignment of target, i+ is possli to detirmine the sizes/dimensions

of beam, moreover in this case tnr e is no need for accepting any

hypotheses about the character oi the distribution of protons.

iniscanner is thin foil zarget. This target is utilized for the

scanning of beam over its secticn at the entrance into the septum of

the channel of beam extraczion, and also on the external channels.

Electronic emission frcm tni foil is utilized for control of the flow

of the protons, passing thiuougn foail. In orler to minimize the

*ffects of auto-.polarizat.Lon, the ionization of gas and idla magnetic

and qlactric fields, fcil is surrounded by the thin copper

polarization screen. As insulazion/isolation between the foil and the

screen are utilized the strips of oxide of aluminum,

deposited/p.stponed chemicaily. Ina use/application of this screen

leads to certain decrease of the tnree-dimensional/space resolution;

howpvrdr, experiment shcws tnar this is the necessary measure,

~' I _ _ - _
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especially in the case cf rough vccuum (is less 10-6 torus).

4.6. Toposcopes (19]. khese ievices/equipment, which are

actually the bands of foil wicn tha secondary emission, scanned by

the high speed analog mulr:plexer or the digital quantizing diagram

together with the multiplexer, rian ever increasing use for the

control of -xtzirnal beams. In Tna very near future it is proposed to

utilize toposcopes for the measuraments of the emittance of the

slowly nmittgd beams. Tue tnree-aimansional/space resolution is at

present limit d to several milliwaters; however, for its increase it

is nncessary to only mcdiiy mechanical design.

4.7. Elcectromagnetic sensors of beam. Were up to now spent only

insignificant efforts/fcrces for iatroducing the electromagnetic

sensors of beam. By arrangement with the scientists, who operate

German e ictronic synchrotron, aevice/equipment of such type it

Passes tests on synchrctron [20], while prototype of electromagnetic

measuring sensor is devalopd Dy dnk r21]. In this sample/specimen

is utilized the transformar coupling between the walls of vacuum

chamber and the high-quality caole. signal levels are sufficiently

low (between 10 mV and 0.9 V ia tha injector-accelerator with

2.5x10 1 2 protons, which circulaze in each ring); however, it was

possible to -n3ure passDand from 100 kHz to 400 MHz and more. Was

very recently accepted decison continue further work in this
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direction for the purpose of cne use of electromagnetic sensors for

measurements in the injector-accelerator of synchrotron.

5. Use of Jigital computer for collection of measurable data.

For collection and data processing increasingly more widely is

uilized the con-:rolling dijitai computer of model IBM of 1800.

Page ,35.

As the :axample below are anamratsd the operations/process as for

executing which is utilizad tne digital computer: data collection

from current transformers in tne seam, numerical indication of the

closed orbit of beam, detraminatioa of the effectiveness of beam

'xtraction on the basis maasurements of the intensity of beam with

the aid of the sensors, cneck and data collection from miniscanner.

I The first of the enumerated ases/applications is most effective.,

especially wh.n the chazactar of work re quires the periodic

' I:measurements of the current strength in the beam at difterent moments

of time during the operating cycle. The program of the analysis of

capture mode makes it possiDle tc investigate zhe capture efficiency

of particles immediately after injection; with the high energy the

same system of data collection is utilized for determining of the

A
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dimensions of beam according to zan results of the measurements,

obtained with the aid ct tne iozkea targets about which it went

speech in section 4. 5. In tna idtzar case the final part of the

calculations is conducted not during the measurements.

The_ position of ilniscanner is checked with the aid of the

digital computer, and infozmaticn about the density of the flow of

protons is sta-tad in tne form of feedback signal, so that, utilizing

special accesso-y equipment, it is possible to construct the curves

of the distribution of intensity over beam section. Miniscanner of

the dascrib~d type at pres,ta is uzilized for measurement of th2

emittance of slowly emitted beams t 2 2 ].

6. Elqctronics for thi sensors of opeam.

This question is !ccated out of the basic content of report.

Howeve r, we will point out basic direction of the developments, which

have as a goal to derive active elements/cells from the

dev±ces/equipment of the sensors of beam, which ar3 located near

vacuum chamber/camera. This is connected with an overall incriase in

the radiation danger of proton synchrotron. An example of this

j elimination of active .lements/calls are the new methods of the

transmission of signals, proposed oy G. Shnayder (23) and S. attisti

(24). In both pcopositions are reaoved the cathode followers which

4 _____
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recently were arranged/iocated a-adz vacuum chamber.

In the first system is utiiized coaxial cable for

connecticn/communicaticn wan i. lctrostatic pickups. Due to the uss

of matching systems of filtratiou it is possible to ensure

sufficiently wide passband. In tne second system there is a

trans:ormer coupling with tne preamplifiers, arranged/located in

several meters from vacuum chamner of synchrotron.

7. The intercalibration cf current transformers.

7.1. Effects being xnvestigated. In the process of these

investigations were used two currant transformers of th circulating

beam, astablished/installed in different straight sections of

synchrotron. The target of investigations consisted of confirming of (1
the expected high accuracy of tha msasurement of the absolute values

of current in the beam. Tnis prcnlem was solved via the comparison of

readings of two transformers for tae varied conditions for the work

cf synchrotron and in different parametqrs of beam.

Was investigatid the effect of the following parameters of beam

(25]: a) the radial posation ot oedm in vacuum chamber; b) the time

structure of the circulating onam; c) the impulse/momentum/pulse of

prot:ns; d) the loss of protons in the region of the location of
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transformcr.

7.2. R9Sults. At presenc cn. precision/accuracy of the

calibration of transformer composes lo/o. In the process of tests 4as

conducted thorough interca±ilratioa of transformers under the

following conditions: a) a chanyi in thc. average/mean radial position

of beam on 40 mm; b) trans;.can from the bunched beam to that

grouped; c) a change in tne impulse/momentum/pulse from 6 to 24

GaV/s; d) an increase cf tna Lossas of intensity in the circulating

beam to 50o/o during 30 ms on irtdrnal target, -ocated at a distance

of 50 cm before ons of zhe *raasformers.

rhus, it was possible ato astailish that the precision/accuracy

of calibration lies/rests wimt in tae limits of one percent. Further

checking consisted of tne comparison of readings of two

structurally/constructuraliy aiffarent transformers - current

transformer of the airculating beam and current transformer for the

channel of rapid conclusion/ouzpum. These measurements were carried

out during the rapid conclusion/output with the very low losses.

Results coincided with tha precision/accuracy better than lo/o (Fig.

N.

tg'
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Fiq. 1. Photograph Of siyais from the outputs Of current

trasfomer~ mx~iin straijilc sact4Ons No No 42 and 72, during

entlra cycle of acceleratox. Both signals coincide with the accuracy
of lo/o; the scale: x axis - 200 mus/div; axis/axle y (channels I and

2) - 2 V/div.

Key: (1) . 'farget. (2) . Rapid conc.lusiol/output. (3) .Slow

? ~conci usion/o utput.

j (SEPO) (26].

C 8.1. operating principle. According to the operating principle
this datictor is analogous to tne detector, developed by fornstrom

for the accelerator in Argonne (27]. Proton beam ionizes risidual gas
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along trajectory; in those places where beam of protons passes

th=ouqh thin screns within vacuua chamber, it frees electrons due to

the secondary emission.

The electron stream, caused oy both factors, is amplified due to

the reignition and is derived/concluded with the aid of the electric

field to cut off along th, Liaa differsntial electrodes (Fig. 2) .

Page 86.

Amplificat2on factor can De rdgulaced due to a change in the

stress/voltage of the electric ilcfansity and pressure in the gas.

3.2. Technical characteristics: range of measurements +-50 mm;

reasolution 0.1 mm; range oaz intensity of beam from 101 to 1013

protons per pulse; passnand from 0.001 Hz to 1 kHz and and higher:

no-flow length of biam 300 mm.

8.3. Construction/design. a) detector. Measuring and

high-voltage electrodes are snown in Fig. 3. Beam falls into the

sensor to the left.

s easuring h lectrodes are arranged/located symmetrically relative

to beam so, that did nct appear mixing of zerc. voltage on the
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high-volta-.7 ?!.ctrod: can be Led -o thi value of 25 kV.

b) Ihe description of the possibilities of sensor. Fig. 4

,=-picts comp!et-4ly the measuriag system: in the right angle the

detector, establishsd/instail~d on the mounting base, rrom the left

side is shown the control LA1iei ana above it is depicted high-voltage

power supply. Tha preamjli.er (it is shown in the centar) is

connected with the detector with tae aid of the differential cable

with a length of 5 m. The aiffrential and total signals, which enter

:rom the output of preampiitifr, azB converted analog type by divider

into the signal of position. rne signals of intensity and position of

beam enter the display unit ia tha analog form. Further these signals

can be measured and be reproduceu in the digital form at any moment

of operating cycle.

The calibration of datector is accomplished/rsalized between t';cI consecutive cycles with the aia of the spe-cial test signal.

Adjustm3nt and calibraticn of preamplifier can be

accomplished/realiz-d remote/distance by means.

The automatic ccntrol of leakage with the aid of the system of

servostabilization in the detector makes it possible to

remotily/distance support the operating pressures of order 10 - 760

torr.

€.
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8.4. Results. Fig. 5 saows tna signals of intensity and position

(uppsr curve) for the beam of slcd conclusion/output. Intended
badly/poorly controlled automat.c aeam sDill to the target was the

reason for modulation cj zhe siynal of intensity at the end. Th-

signal of position whica do noz ajz:ct nmodulaticns of the signal of
intensity, maces it possiDna co e the conclusion that he divider

functioned exactly.

,- 1
I!! '

L|

'2g
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4my'exmo

Winow (5) . gcrope.~n.
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Fig. 3. Fig. 4.

Ficg. 3, Vie o high-volta.;e ant, measuring electrodes SEPD.

Fig. 4. General vier-w of da-cctor oz; position Of bep-m of slow

conclusion/output (ED

Page 87.

Fig-. 6 givqs rasults for spill on tha target of signal in d pth

K Of modulation 1000/0. At the and of sach cluster is observed certain

j displacement of the signal of tosition. Calibration coefficient was

4, eualto 1 V/cm bpam displacemaat.
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Thi r~solutio- of recording -am pcsition of biam with ths

interfzrence effect and pulsazicns was 0.1 mm (signal of intensity

lay/rested in the range 10-10vo/o of the peak signal for divider).

9. Ionizing device/equipment. tor sk.nning of beam (IBS)

IBS relates to tLose nct destroying beam to t'.. sensors which

ara int"tnded .or measuring tni L4ojJ'ecticn of density distribution of

protons in external or internai oedms of synchrctron, On these

projections ca. be estaolisaea/lstalled the sizes/dimensions of beam

and is obtained informazion ra-ive to distribution of density of

protons.

9.1. Operating principla. The principle of operation IaS is in

sufficient detail described ia tne internal reports of CERN (28, 29]

aid in the works of American national conference of 1969 on th4

particle accelerators [30].

rn short, tLe principie of op-.ation IBS consists ef the

m-asurswent of thp signal, proportzonal to a number of elsctrons,

Lreed/release. with th.e ionizdtoa by beam of the protons of residual

ga in vacuum chamber. FL~ steez.in of electrons along the cycloidal
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trajectory of a small radlus in tna e lectrical equipot~ntial planes

are utilized mutually perpendicular electrical and magnetic fields.

These equipotantial surfaces Ln operating region of the pass ge of

)roton beam ar unifcrm and paral±l to the dirrcticn of b, am. Under

thess conditions spatial d:.s3trrutIon of the electrons, which move

along equipotential surfaces of electric field, being the orthogonal

projection of density distriouica of protons in the beam. Fig. 7

;:ill help to better clarify taLs process.

One additional special faaturt/peculiarity IBS lies in the fact

that electron stream, emitted jy proton beam, it is measured with aid

one datector with the higa caree-dimensional/space resolution and the

charact~ristic time of thi ordc±r of one microsecond. This

mode/conditions or scanning is reached because the detector is under

the potential of the- earth, waile ro th: pair of electrodes, which

generates the basic alectric field IBS, Uimultaneolisly are suoolied

the symmetrical triangular mpulses/momenta/pulses of high voltage.

Equipotantial surface wita zha zero potential which under normal

conditions passes through tne center of the scanning

I1?vice/equipm, nt, during tha sujpLying of the signal of triangular

form will be mixed to tne rig t and to t~e left in that region where

is passed proton beam. Since the detector can recover only those

electrons which move alcrj or near equipotential surface with the

zero potential, to it will altenately supply the electrons from each
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Ipirt of ths bsam, thirougn wni,;n -ds- .qui poll -nzia 1 surface with Iths Li
zero potential. Fig. 8 Snows tne series of diagrams IBS and

confiquration of electric zield in the process of one cycle of the

scanning of beam.
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"AM
r;ig. 5. Photographs of sigjnals froia SEPD during the slow be am

sxtraction. Upper curve -siygaa oz position (/s/iv;lower-

intn~iy (otal signal, ~ ,2 V/div. ; x-axis -on-i large division-

50 r/S.

4.0

4Fig. 6. Photographs of sigaals 1:10m SEPO for the conclusion/output

w it4h 100o/0 modulation of iataaii~ty. Uppe~r curve - V/.div.;I lower curve p2,"iof V/div.; x-axis -one large division -50 rn/s.

A
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Fig. 7. Extraction of the eiectLoaa of their of that ion- ad by the

proton b-am of gas with ta%. us oi the lattice-type electrical and

magnetic fields. Th' drift veioci-cl of electrons ,-E/B a radius of

cycloid R- ( ./J2CVB-1;. - :ae electron charge, t - mass of

elect_-on; E, 3 - int5nsity/stz41,9cn of electrical and magnetic

fields: 0. - component o;i cna ini-tial velocity of elactron in the

di rctiion of elctric fiela; 0'- the same, bitt in the direction,

perpendicular to elictrica and magnetic field.

Page 88,

ThR basic nodes/units of datactor are two closely spaced

electrodis, that are located under constant voltage +30 V and -30

into rela.tively the earth/ground. These ilqctrodes serve for

generation of electric tield onicn guides electrons into the

neck/throat of detector and forces them to move over the cycloid to

the first dynode of electron mu±tiplier. These electrodes fulfill the
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functions of collindtor for tiosa electrons with the large an rgy,

which move over the cyclcid oi a large radius, and also for those

electrons which move along equilctential surfaces with the potential

b~yonI ho limits +-30 V.' The dis-inctivs special feature/peculiarity

13S lies in the fact that tie -nree-1imensional/space rcesolution,

i."., the width of the zcne of nDai, which falls in the field of the

scanning of detector, depends on tne potential difference of +-30 V;

within certain limits tais dO.Za/rence can be varied very simply dus

to a change of voltages cn zhe wcrking electrodes of detector.

9.2. Uses/applications. A: present are developed/processed and

are applied in practice several moaification IBS: a) vertical or

radial scanning of the circulating beam of the synchrotron (it is

operated), range of scanning from 100 Hz to 10 kHz, pressure from

3x10 "  to 5x10 " & Torr i tue vertical or radial scanning of the

ci:culating beam of synchrotroa (for the investigations), the range

of scanning from 10 Hz -c 500 KHz, pressurp from 3x10'? to 5x10 "6

torus: c) the beam of slow conciusion/output, the range of scanning

V 50 Hz, pressure by 10-1 Tort; d) te scanning device/equipment which

will be utilizs, as the detector of scatter of particles on the

energy in 50 Mey spectrcmeter, tne range of scanning 400 kHz,

pressure 105 torus; e) four pairs in the injector-accelerator of

svnchrophasotron, the scanning of aach of four rings in the radial

and vertical planes. Range of scanning from 100 Hz to 300 kHz,
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pr':ssurR from 3910-7 tc 3.10U torus.

1rhe length of the hdse oi trdjectory of the proton beam, on

which occurs the extracticn of aiactrons, usually is from 3 to 10 cm.

The thre-dimensional/space resolution can be higher than 1 mm.

Frequency range of scanning can reach 500 kHz, although it must be

notp that modulation cf inzensitj duR to ths time structure of beam

limits the use of high frequencies of the scanning by in practice

those cases when beam has tae grcuped structure, for example

immediat.ly afte r injecticn iatc rac ring of synchrotron. The

cperating range of prassurs dipendilng on requiriments can b-. from

3.10 - 7 to 5*10 - 6 torus.

9.3. Calibration IBS in circulatinq beam of synchrotron was

conducted with the aid cf deasazement of sizes/dimenzions of beam

with use of forkod targets (saction 4.5). The comparison of rasults

can be carried out only for tae meams with the

impulses/momenta/pulses from 6 to 40 GeV/s. In this range for the

beams by size/dimension froa 3 to 15 mm (95o/o of the maximum

altitude) the results oz calioration coincidf-d with an accuracy to

several tenths of millimeter [31].

Important condition ot correct determination of the

zizes/dimrnsions of beam on tna ai nals of the scanning
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device/equipment - knowledge oz tun characteristics of the

instrument/tool expansicn of rhe cross sections of beam due to the

final three-dimensional/space resolution of instrument. These

characteristics it is very diificuit to calculate; however, they were

dqt-'rmined txp.rimintally DI zae nhigh-precision measurement of the

cross sections of the coliimaaad circulating beam in the synchrotron.

These measurements were conaucted zor several different adjustments

of th-, thrss-dimensional/spaca resolution (voltage on the working

electrolps of d~t-ctor) of tnt scanning device/equipment (Fig. 9)

The depe-ndence of the izas/aiinnsions of beam on :he electrode

voltage proves to be rect±iinear, as shown in Fig. 10. The

extrapolation of th linear d.Apenutnce indicated to the zero voltage

allows to determine the actual sizes of beam. Furthermore on the

inclination/slope of straignt line it is possible to correct

ixperimental results taxaa iarc account the expansion of beam over

the section for those cases wnen is fixed/reccrded only the

adjustment of the three-dimensicnai/space resolution.

. I ... ...
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Fl.g. 3. Different configurazioas oZ qlactric field in IBS during the

sc nning.

K.y: (1). V. (2). kV.
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Fig. 9. Obtained with the aid oz Ld3S elavation proffile ait the

di ffr ant values of inztzrum=nt/toci broadening (voltage on the

detector ele ctrodos).

Page 89.

1 9.4. Results. For lacx of~ space in this articla there is no

1possibility to give the aetailad descripti'on cf the results, obtained

4 with the aid of (ISS) .

I In the given figures (Fig. 11-19) are clarified the basic

I special featurqs/peculiarities oi iDeam. Rastsr images are always

scanned in the directicn on top in the direction downward. The pilotI signal of the scanning vcltage, caxen/removed directly with IBS, was

ut-,iza asthahorzonall deiecingvoltage of rastar ia'

which thereby could be cai.Lorated in accordance with the position of

beam within the met-3r.

-1-A,
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1ii
Fig. 10 dcuand'.nc of the sizas/dinensicis of beam on the voltage on

the det: ctor electrodas IS.
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Fig. 11. Obtainad with~ tha aia of IBS profi4le/airfoil of beam for

comD1l1tP cycle of acceleration. Jane 1970. Vertical scale: One large

4. \
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div--son -50 MnS; th-? hc-iztja,:a. scalie-; one larg, livision -15 mm.

;Kay: ( T. nj ect ion . ( 2) . Cr.iixi energ-y. (3) . Slow

corc1Iasicn/outDult. with 1.2 GeV. (4) . Rapid conclusion/output with 17

';zV. (5) .Targat 1 -and d o) Time of conclusicn/output 0.5 so

f '
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Fig. 12. Fig. 13.

Fig. 12. Rapid scanning (.3 Ps) of profile/airfoil wita the aid

of IBS in radial plane (r±jnt after injection). Accelerating voltage

is not switched off. a) ziam is uasplac-d to inside chamber wall; b)

the same-, but in the presence of coherent oscillations. Horizontal

scale; one largs division oz z3 .3 cm.

Fig. 13. Rapid (3.3 ps) scann.ay of alevation profile of b(am with

switchel-off. accelerating voltagy. a) protons filled only the half

th perimetar of accel~eacor; zner.fore each second scanning ray/beam

passes along the horizcnzal axas; L) scanning is

accomplishsd/ralizd wita tnh ccnletz'ly fill-d accelerator, but are

present coherent betatron oscillaTions. Horizontal scale; ons large

I division -2 cm.
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Fig. 14. Fig. 15.

Fig. 14. Elevation Profile of oeam of large energy (it -'s obtained

with the aid of IBS) , circulating in proton synchrotron in "Plateaull

of wtagnetic cycle. In the lower znrap curve s is shown the beam aftir

its collimation with the aid of tae fork trgt(ianebte±th

teeth - 3.5 mm). Instrument/tool broadening -2.2 mm. HorizontalA

scale: one laraq division of 5.0 mm.

Fig. 15. Dual boam in radial plana, which is formsd during debunching

(energy 27 GeV) in "plazeau' of magnetic cycle. Vertical scale: one

large division -100 ins; the norizontal scale: one large division-

15 mm.
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Fig. 16. Fig. 17.

;'Fig. 16. Dual beam in vertical plane, formed due to instability,

which is observed od energy 10 GeV. This instability normally is

eliminated; photoarph is obtained in the process of executing the

study program of accelerator.

(Vertical scale; on-e larga division -8 ms the horizontal scal.a;

on'n largo division - 10 min.

'Fig. 17. obtained with the aid of IBS elevation profile of beam

vo.vrqm4 and right after injection. Modulation of intensity iS

connected with the formation of separate clusters. Time of one

A scanning - 50 pis. The horizontal scale: the sizes/dimensions of

photograph correspond to approximately/exemplarily 8 cm of the

aperture of synchrotron.j' eY: (1). In ict ion.
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Fig. 18. Fig. 19.

IFig. 18. This phortograpti depicts just as Fig. 17, sl; vation profile
of beam in time after injection, bu~t with very rapid scanning.

~The sizes/dimensions of paotograph in the horizontal direction

correspond to 8 cm of the djvertuxre of synchrotron.

Fig. 19. System IBS proposed wita two collectors/receptacles for

simultanetous de tection cf clectrons from two edges of beam. With the

£ aid of -this davice/9quipment, studying phase relationships/ratios at

the outputs of two detectors, it is possible to distinguish the

coherent and incoharpnt cscitlations envelope of particles.

Key: (1) . Detactors. (2) . KV. (3). eguipotpntial.

1;
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Present article is artialily survey work; therefore we want to

notp works whose those, ndmes chay are 3entioned in the bibliography.

For the participation in tne ievelogment of devices described in tha

second part of the report, we are jrateful to A. Barlet, and also to

colleagues of th vacuum section oE th- division of proton

synchrotron for the permanent aid in the development and testing SEPD

and IBS, we are also grateful to V. Sent Albert for the the technical

assistance and to the operazozs ot the hall of the control of proton

synchrotron for the suppcrt. G. Dams and T. Dorenbos proposed the

series/row of improvements 1BS for proton synchrotron and booster of

prcton synchrotron. L. icrnaal' participated partially in the work,

described in section 9.

Finally, we want to thank Jaan Eddison for her aid in the

preparation of this article.
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Discussion.

I P.Karahekov. Uhich energy of electrons in scanning beam?

K. D. Johnson. Energy of electrons 100 eV. All electrons with

the energy, which aiceads this value, are collimated off.
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114. STRUCTURAL SOLUTIONS FOR COMPLEXES CONSISTING OF POWER-SUPPLY

SYSTEMS AND EQUIPMENT FOE CENTRALIZED DIGITAL MONITORING AND CONTROL

FOR SYNCHROTRONS AND BEAH-TRANSFORT CHANNELS

V. P. Gerasim, 0. A. Gusev, S. Ya. Kolesov, S. S. Reshin, A. A.

Tunkin.

(Scientific research institute of the electrophysical equipment im.

D. V. Yefremov).

To the contemporary muitiunit ones of the complex of the systems

of power of accelerators and channels of conclusion/output from the

accelerators are presented the fc1lowiag basic requirements.

1. Output parameters of systems must have lasting stability in

view of complexity of current adjustment of drift by hand.

2. Must be provided possibility-of remote/distance setting of

output parameters of all systems, including codes from programmers or
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ETsVM [digital computer].

4 3. Complex must be equipped with equipment for precision check

of all forms of electrical parameters with data extraction in digital

form (by printed digital output, memory, and ETsV).

4. In complex of systems of pulse supply must be provided for

system of branched step ty stoep check of nominal values (4-

allowance) of parameters oi each power-supply system, which analyzes

state of complex in all stages of its functioning and which controls

keys/wrenches of stages in syachrcnizer (timer) of complex - system

of dynamic blockings (rB).

In connection with tne syszeAs of beam extraction from the
accelerators system DB oust exclude functioning the systems of orbit",

perturbation with the inadaissible divergences from the nominal

current strengths in the aagnets of the channels of beam transport

and thereby - incidence/impingement of beam for the walls of channel

and its activation. Requirements on paragraphs I and 2 entirely

answer digital regulating circuits (SAR) with the discretely

controlled regulator, the digital supports, the error amplifiers and

(for multiple-contour SIB) the calculators of the resulting ccde of

error.

.I
4!

-- 2*1
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The construction ct digital SAR is especially expedient in cases

i when the output parameter easily is led to the time characteristics,

with the how conveniently nigh pracision/accuracy which are

represent3d in the digital form, for example, during the

stabilization of the relation of constant and variable/alternating

components of the current of the electromagnet of synchrotron.

In this case the task is reduced to the stabilization of the

time interval between the impulses/momenta/pulses from the

ferromagnetic probes in the cleazdnce of electromagnet (Fig. 1). Fig.

2 gives the block diagram ot digital SAR, solving this task with the

precision/accuracy 2-10'*; system has redundant mesh of the control

S on the stress/voltage selecting the temperature instabilities of the

circuit elements of synchrotron.

The advantages of digital SAR are retained also for the

stabilization systems of direct currents and stresses/voltages, if

available precision analcg-to-digita, converters (ATsP) for the given

parameters. Fig. 3 show the diagram of digital SAR of the direct

current (unit Ka) of electromagnet, the ensuring precision/accuracy

of stabilization 5.10". ATsP, which consists of DT (current-sensing

device - comparison circuit) and IPT (source cf saw-tooth current),

is real.zed on one of the base diagrams, shown in Fig. 4.

7p
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With the requited Fzecision/accuracy of stabilization not better

than 10O 3 is expedient the use/allication of analog SAR with the

program reference-voltage sources (PION) of the type of

digital-analog converters (TsAP) - Fig. 5.

T

I-1

-I
I
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a

Fig. 1. The time graph of the components of the current of the

Selectromagnet of the synchrotron. a) the curve of field change in the

•clearance. Electromagnet of synchrotron; b) the

impulses/momenta/pulses of output potential of Permalloy sensor.

t I
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Fig. 2. Functional diagram o~f digital Ski of stabilization of field

I of electromagnet of synchrotron. PIK -ccnverter interval-code; TsVU

-digital computer (summaTor) ; FNI - converter voltage-interval; UU

control unit; ZU - meucry unit; TsSIFU -digital system of theI

pulse-phase control.

Key: (1). Code from. (2). Code to.

4 IA



Fig. 3. Functional diagram of digital SAR of the stabilization of

direct current in the Electrcouagnet.

Key: "I). Code o )0.oefr.

Page 93.

At present there are industrial TsAP with the precision/accuracy

of order 10" with the delay of exit stress/voltage from the

moment/torque of the admi.ssion of the code not more than 20 ps, in

; NIIEFA are developed TsA on the magneto controlled contacts with the

I --

appropriate parameters 10- and 10- s. Digital-analog SAR in iew of

the in principle high fredou from interference of numerical controls

are promising on the objects, unattainable for the control for

communication along wires.
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IEquipment KEP and DE 3wt us examine in connection with the

complex of the power-supply systems of the channels of

conclusion/output from the syachrotron of IFVE. Observation and

maasurement of all electrical signals in the systems (current pulses

and stresses/voltages by duraticn from hundreds of Ms to units s and

constant values) are performed Dy system KEP of the following

composition:

1) pulse digital voltmeter of the instantaneous values ITsVK3-4

(development of NIIEFA) witt, precision/accuracy +-0.03o/o for the

. ration of selection 3 ps in the astembly with timer and

block/module/unit of the lasting memory;

2) the digital voltmeter of direct current V2-19 with the

precision/accuracy +-5 * 1 0-;

3) dual-trace o~cillogxaph with tha memory SI-51 in the assembly
with the block/module/unit of the automati. compensator of the larger

part of the input signal for the observation on the large/coarse
scale of pulse apex.

The given instruments are connected to the sensors of the

control values by pushutton commutator simultaneously with control

knobs of the settings of the same values.
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Fig. 6 shows the generalized block diagram of DB of the complex

of the power-supply systems of the channels of the conclusion/output

cf proton synchrotron cf the IFVE.

System DB is contrclled by sync pulses of the devices/equipment

of the channels of conclusion/output. Blocking is

accomplished/realized into three stages* Sources of the information:

a) the total contacts cf static blccking (I stage); b) the

two-threshold discriminators of stress/voltage (II stage) ; c) the

two-threshold discriminators of current (III stage). During the

disturbance/breakdown of the operating mode is blocked trigger pulse

and is supplied signal to t4he discuarge/break of the already

connected devices/equipaent. Indicator indicates address and stage of

the emergence of malfunction.

A
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Fig. 4. Base diagrams of ATSP Of direct Current. Functional diagrams

of current-sensing devices. a) cn the blocking oscillator; b) on the

ferromagnetic probe; c) time graphs; PBEI - program block/module/unit

of standard interval; EICK -converter interval error-code.

Key: (1). Output. (2). Discharge. (3). starting/launching.

j7i
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Fig. 5. Block diagram ct analog SAs with the program

reference-voltage source.

Key: (1). Power supply. (2). Hegulator. (3). Load. (4). Sensor. (5).

Amplifier. (6). Error detector. (7). Program reference-voltage

source. (8). Adjusting code from EOsVN. (9). Digital information to

ETsVM.

-z
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Fig. 6. Generalized blcck diagram of system LB of the channels of

conclusion/output.

Key: (1). From static blocing of systems. (2). From discriminator of

stresses/voltages. (3). From discriminator of currents. (4). stage.

(5). Key/wrench. (6). Reguest. (7). From timing mechanism. (8).

Charge Nak. Fl. (9). Discharg- Nak. El. of channel

(starting/launching). (10). D.Icnarge device/equipment of orbit

perturbation. (11). Discbarqe/break. (12). Indicator of ... stage.

Page 94.
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Discussion.

V. V. Tsygankov. In what state is the developed/processed system?

0. A. Gusev. System is developed for the Yerevan synchrotron and it

will be soon put into cperation. Were conducted the investigations of

system in the mock-up ct the power-supply system of Yerevan

accelerator in NIIEFA. Are developed, tested and are made systems for

extraction channels of Sezpukhcv accelerator.

A
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115. INVESTIGATION OF THE PERLODIC INSTABILITIES OF THE INTENSITY OF

THE ACCELERATED BEAN ON IdE YEREVAN ELECTRON SYNCHROTRON AND THEIR

E IMI NATIO N.

S, K. Yesin, K. A. Sadoyan, A. R. Tumanyan.

(Yerevan physical institute).

The investigations cf the modes of operation of Yerevan

electronic synchrotron at the initial stage of its operation made it

possible to reveal/detect the considerable fluctuations of the

1i intensity of the accelerated oeam from one cycle to the next, The

typical character of such fluctuations is shown on the lower ray/beam

of oscillogram (Fig. 1A). With the aid of computers "Nairi" was

produced a harmonic analysis of these fluctuations at the length of

, |the interval of 1.49 s (69 cycles of acceleration). The table gives

[ the obtained values of Fcurier ccafficients for the harmonic

components, who correspond to the frequencies indicated.

The presence of the sharply pronounced harmonics with

frequencies -2.6; -5.2; -7.8 Hz made it possible to make the

assumption that the basic contribution to the fluctuations of
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intensity introduces the play at frequencies, multiple w-w k and

W u-(A)k:

Wl sxsLn k (Cj7 kWt Cos k(wtI)t(, (1)

where wc- Wu and Wk - respeczively angular frequencies of industrial

network/grid, autonomous stable source, feeding injector, and

resonant circuit of electromagnet.

z!

'I3
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Fig. 1. Oscillograms of the iaireasity of the accelerated beam, play

of stresses/voltages netwiork-contour/outline,

in ject or-contour/o utline.

Page 95.

Since &&~and (a are very close in the value, then for the

determiination of the basic source of instability was recorded the
play of stress/voltage at frequencies Wuw (upper ray/beam in Fig.

IA) and (average/mean ray/beam of the same figure). Then was

constructed the character of a change in the intensity of beam in the

cycles, which correspond to the identical phase of play at frequency

witr-O (curve 1, Fig. 2) and in the cycles in which is retained



DOC = 80069308 PAGE

constant the phase of play at irequency ww (curve 2, Fig. 2).

From Fig. 2 it is evident that the basic contribution to the

fluctuations of intensity gives play between the frequency of

resonant circuit and the oscillator frequency of the stable

stress/voltage, which feeds injector.

It should be noted that the frequency cf most strong harmonic

will agree with the frequency of the aggregate/unit of -he stable

supply of injector.

The majorities of the nodes/units of injector are supplied from

the single-phase full-wave rectifiers. In this case the operational

characteristics of these nodez/units fluctuate with the frequency,

equal to the double frequency of the feeding source.

As a result of a difference in the frequencies of resonant
circuit of electromagnet and the generator, which feeds injector,

occurs the "slip" of the moment/torque of injection along the phase

of the pulsations of pover supply. If the optimum value of the

parameter is selected so that it lies/rests at the middle of the

interval of pulsations, then the frequency of intensity can be

determined according to formula U2- 4(4hU-Wk).But if the optimum value

of the parameter is located beycnd range of cscillations, then

intensity will be changed with frequency i-2(-rw).

- -. -
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Respectively the nodes/uuits, supplied from the three-phase

full-wave rectifiers, can be the reason for fluctuations at

frequencies Wu- 2 (dar(k) and w%- 6C(u-dx).

If energy storage in the storage element of supply power of this

node/unit occurs during the series/row of the consecutive cycles (but

Inot in the separate cycle), then the depth of modulation of intensity

will be inversely propcrtional wj-o.. From the table it is evident (
that the basic contribution to the fluctuations of intensity

introduce harmonics 4(wu-wx) and 2 ((AoCk)-

On the basis of described analysis was produced the

translation/conversion into the synchronous with the current

generator of the focusing coils of injector, since the currents into

the bottom with difficulty yield to filtration due to the low

apparent resistance of coils. As a result of fluctuation the

intensities of the accelerated team decreased to +--15o/o (Fig. 1b).
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The coefficients of expansion in the Fourier series of the) fluctuations of intensity fzom cne cycle to the next.

Hoe aICTOTa HeCTa-
Hoep Asn 8 cos

S1 0,6711 -1,28285 2,91631
2 1,3422 0,950881 -1,116.12
3 2,0133 0,11408 -1,68135
4 2,6844 1,10002 -8,50192
5 3,3555 0,09614 1,15188
6 4,0266 -0,31994 1,64249
7 4,6977 0,72566 0,498978 5,3688 9,38379 -5,47806
9 6,0399 1,70594 2,40725

10 6,7110 -0,86134 2,53218
i 7,3821 -0,648261 1,60085

12 8,0532 -1,05547 2,43629
13 8,7243 -0,46696 0,69324
14 9,3954 -0,57558 2,3419515 "10,0665 -0,72198 1,03617
16 10,7376 0,52924 -0,52151

•17 11,4087 0,48443 1,6317218 12,0798 -0,60476 0,61265
19 12,7509 -0,55062 1,68013
20 13,4220 -1,12302 0,6957721 14,0931 -0,10295 1,62518
22 14,7642 0,48742 1,65026
23 15,4353 -0,43231 0,69572
24 16,1064 0,27081 2,03027

Key: (1). Number. (2). Fraquency of instability, Hz.

*1

4,,
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Fig. 2. Dependence of the intensity of the accelerated beam on the

phases of the play of stress/voltage network-contour/outline,

injector-contour/outlint 8- ) = n , =0,  1, 2, .. ,54;

2 - Wk = n e , a = 0 , 1 , 2 , s e e # 56 e

Key: (1). cycles.

.. ... ... .... ...... .. ... .....

Fig. 3. Block diagram of tiaing mechanism of voltages of feeding

generator of injector. 1 - synchzonizing block/module/enit; 2-
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amplifier witi correcting components/links; 3 - magnetic amplifier; 4

- direct-current motor; 5 - induction motor with the phase rotor; 6 -

meter of frequency; 7, 8 - blocks of the substitution of induction

motor on the perturbing effects; 9, 10 - compensating

components/links.

Page 96.

Was further develcped the diagram of the supply of entire basic

equopment of injector rcm the generator, synchronized with the

contour/outline (Fig. 3). Timing mechanism provides the stabilization

of time interval from the moment oi the transition of voltage of one

of the phases of the synchronous generator through 0 to the

moment/torque of the achievement by the magnetic field of the

accelerator of field level of injection with tho precision/accuracy

-10 ps. Timing mechanism is created on the bafis of the principle of

invariance with respect to the basic external

disturbances/perturbations: the instability of voltage and frequency

of power line. The transfer functions of blocks 9, 10 (Fig. 3), which

ensure the invariance of system with an accuracy to E = o,..are

respectively equal to:
(o.14p*t)(o,32p+I)

Wo(P)= 0,23 (0p+1)(0,02p+1) '

(0,21p )(0_32p__I)W10p) J 4(0,0Ip ) (o,o2p-,.I)
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where p=dx/dt and x - cutput parameter of blocks.

As a result of applying the diagram of power of injector

indicated was provided the stability of the intensity from one cycle

to the next not worse than -5o/oo The corresponding oscillogram is

shnwn in Fig. Ic. It is evident that the play on a difference in the

frequencies is absent (average/mean ray/beam).

116. NONCONTACT 5EASUREMENT OF BikAf CURRENTS OF CHARGED PARTICLES

WITH THE AID OF THE HALL EFFECT.

G. I. Razin, V. G. Savenko, A. P. Shchelkin.

(Scientific research institute of the electrophysical equipment im.

D. V. Yefremov).

1. Introduction.

The noncontact Hall seter of the beam currents of the

charged/loaded particles is torcidal concentrator, encompassing the

beam, in clearance (or clearances) of which are placed one or several
Hall pickups. Sensors are supplied from source of alternating

current, and .f of Hall, proportional to the intensity/strength of
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the field, created by team current, it is amplified with the aid of

the selective amplifier ana is measured by dial instrument 1 (Fig.

1).

The basic difficulties, which appear during the creation of

measuring meters of such type, consist in the guarantee of the

necessary precision/accuracy of measurement and threshold of

response, determined by tae relationship/ratio of sensitivity and

additive error. Is given below the analysis of the factors, which are

determining the parameters indicated.

2. Sensitivity of Hall meters of currents.

The sensitivity of the meter of the beam currents of the

charged/loaded particles to a considerable degree depends oki the

correct selection of sizes/dimensions and material of concentrator.

After simplq mathematical conversions it is possible to find the

following expression fcr the sensitivity of meter to current 8L (2):

where k--RI,; R- Hall constant; I,- feed current for the Hall

pickup; j - magnetic peimeability of the substance of concentrator; D

- diameter of the center line of concentrator; d - width gap. With

small clearances when d/wD<<1/j, Strk-L. With the ample clearances

_.11
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even larger p, when 1/p<<d/vD, tha sensitivity of measuring device

virtually does not depend on the diameter of concentrator and is

determined only by width gap $L-S~mjeA, S3/S - - ,whence

magnetic permeability of substance, required for guaranteeing the

prescribed/assigned relation SL/SLma with known d and D, is equal to

Fig. 2 shows family of curves P-*(/hmax), ratio wD/d is undertaken as

~the parameter.

oI(

C 12

IIi
: _i -- A
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Fig. 1. Block diagram of the noncontact meter of the beam currents of
I i the charged/loaded particles. I and 2 Hall pickups; 3 - concentrator;

4- source of alternating current; 5 - amplilfier; 6 -the

phase-sensitive rectifier; 7 - dial instrument.

Page 97.

Using this graph/curve, it is possible to determine the minimum value

i, at which $sL= will compose the desired value. The selection of

the material of concentrator more than tbis value does not lead to

noticeable increase St.

For considerable sensitization of device/equipment by the method
of the selection of material with the higher magnetic permeability of

substance it is necessary to increase %m=. It is impossible to make

this due to the decrease of widtb gap d, as a rule, since clearance

' £ I
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is limited by the thickness of the Hall pickup. Taking into account I
this, in certain cases it is expedient to perform concentrator in the

form of spiral with closed ends/leads [3]. It is not difficult to

show that magnetic permeability cf body and sensitivity sL,. of this

concentrator with p->- glow/rise in n of times where n - number of

turns of spiral.

3. multiplicative errors of measurement.

nultiplicative errors in the aoncontact Hall meters of currents

have all those components which characterize contact meters. Besides

this in a multiplicative error in the analyzed instruments is

included the series/row specific component, Inherent only in Hall

meters of the beam currents of tha charged/loaded particles: errors

due to a change in the psition of beam in the ion guide due to the
final sectional area and nonuniform particle distribution according

to the beam section, tlese ccmfcents of basic multiplicative error

having the greatest specific gravity/weight. Fig. 3a and b gives the

experimental dependence of an error of measurement from the beam

displacement on a radius with the permanent azimuth and along the

azimuth with constantly a radius. Experiment was carried out by the

method of displacement within the concentrator of conductor with the

current with a diameter of 0.2 mu. Curves with the prime correspond

to concentrator with two dall pickups, curves without the prime - to
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concentrator with one sensor. Ln the first case an error of

mca.surement reaches 10o/c, the secondly - 3o/o. With four Hall

pickups, arranged/located according to two mutually perpendicular

diameters, this compcnent of errcz is equal only 0.5o/o.

As can be seen frcm Fig. 3a in the case of two Hall pickups the

sign of error does not change with any mixings of the center of

gravity of beam. Hence it follows that a multiplicative error of

measurement must be determined not only by the position of beam, but

also by the form of section and by the law of particle distribution

in the space.

Let us break the sectional ara of beam into the surface

elements (Fig. 4), to each of which corresponds the elementary

current dI, measured with the error

where p and i - the coordinate of area/site ds, R - a radius of

concentrator.

I
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Fig. 2. Graph/curve of family of curves at the

different waluss VD/d.

4c
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pig 3.Dependence of error of measuremenlt from the bean dislacement

on a radius with azimuth 9p-COnst ta) and along azimuth 9 with

rconst (b): a) with the azimuth 9pCOnt1-9(pO, 2-9=300)

fp-I' -( s 8
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b) along azimuth t when i=ons-D. 1,1'---=0,7s, 2,2'- 0,5

Page 93.

If beam is arranged/located in the center of concentrator, then the

multiplicative error of measurement, which ccnsiders the finite

dimension of the area ci its section, can be determined with the aid

of the expression:

I ° ' " ,,, )(2)M VR

0 0

where I and I' - real and measured value of beam current

respectively.

The functionals of curves, depicted in Fig. 3a and b determined

with the aid of the prccedure, presented in (4], take the form

k Q(j) k 3,3 (1) -0,4 (1~) . (3)

Being limitad to term k=3.3)(-r/R)Z and substituting (3) in (2),

we will obtain

Further it is possible to show that under the normal (Gaussian)

law of the distribution ci particles over beam section

____ __
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4. Additive errors in meter.

In the additive errcr in the meter, which limits its threshold

of response, are included the errors, determined by noises within and

at the output of the 5all pickup, and also by the temporary/time and

temperature drift of his zero sagnal, latter/last component cf error

in the overwhelming majority of tne cases playing the decisive role.

The authors proposed several devices/equipment, which make it

possible to eliminate the effect of the temperature drift of zero

signal on the additive error and the threshold of response of meter

(5, 6]. Diagram of one of such devices/equipment is shown in Fig. 5.

Sensor is supplied from the source of direct current. Concentrator in

the circumference comes into ccntact with modulating magnetic circuit

3 in to slot/groove of hhich is placed modulating winding by 4. By

the selection of the value of the current of the modulating winding

they attain the periodic saturaticn of ccncentrator that it leads to

the pulse modulation of the direct flow, created by the measured

current. Obtained thus variavie/alternating Hall eaf can be easily

isolated from the constant in the direction of euf of

noneq uipo tentiality.
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The authors prepared one of the versions of the meter of the

direct beam currents of the charged/loaded particles. Basic given

error of instrument does aot exceed 5o/.o in the range 0-10 mA.

Further perfection of instrument will be conducted in the direction

of an increase in precision/accuracy and reduction in the threshold

of response, which can be achieved/reached by the method of the

introduction of the corresponding corrections, which decrease the

multiplicative error, acc due tc further reduction in the additive

error.

43
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Fig. 4. Dependence of eror on the sizes/dimesions 
of bean.
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Fig. 5. sensor with modulation of permeability p concentrator.
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Discussion.

K. D. Johnson. Is how the effect of radiation on the Hall pickups?

G. 1. Razin. With the rcca temperature and with the beam currents on

the order of 10-100 mA the 6ffect of radiation insignificantly and

little affects the accuracy of measurement. Sensors are made from

indium antimonide,

N. S. Medvedko. What are sensitivity and threshold sensitivity of

your sensor?

F'

-i -
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G. I. Razin. The sensitivity of sensor composes 10 pV on 1 mA of the

measured current. Threshcld sensitivity 100-200 pA.

I. M. Bolotin. Which tle upper tand edge of the transmission of

sensor and the necessary screening constant of sensor?

G. I. Razin. The time ccnstant cf the Hall pickup is 10-11-10 -13 s.

Thus band depends in essence on current frequency, which feeds

sensor. In our case this frequency composes several kilohertz.

The threshold sensitivity of sensor is determined by the effect

of external magnetic fielas, in particular, the field of the Earth.

With the beam current 1-10 mA the screenuing ccnstant must be not less

several thousand.

A. A. Kuz'min. Was utilized your sensor for measuring the currents of

real beams?

G. I. Razin. Yes, such masurements were cozducted on the neutron

generator. Factor of merit was approximately G.5 mA. It is possible

to measure the currents from 100 ;jA.

A. A. Kuz'min. Are such the sizes/dimensions cf concentrator?

G. I. Razin. Bore of 60 mm, external- 80-90 mm. Material-
Permalloy, ferrite.

4. _
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117. SPACE-CHARGE EFFECT ON THE EFFECTIVENESS CF THE TONIZING METHOD

OF MEASURING THE PROFILE OF A PROTON BEAM IN ACCELERATORS.

V. V. Yalyan

(Radiotechnical Institute AN USSB)

The devices/equipment, used for measuring the transverse

parameters of beam without its destruction cn annular proton

accelerators are based on the phenomenon of the ionizration of

residual gas. Using the setnod the extractions of ionizing charge for

the purpose of further wcrking these devices are characterized by the

extracting systems ia which are applied either only electric field or

combination of electrical and magnetic fields. Magnetic field is

utilized for the focusing of #image" during the high requirements for

the resolution, determined Dy the essential (several ten

electronvolt) wave energy of ions in the transverse with respect to

the extraction directicn.$1
11By effectiven-ss cf ionizing method are implied two

characteristics: the resclutica and the speed of the extraction of
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ions, determined by the type of -sia extracting system.

The dacisive factor when selecting of the type of the extracting

system proves to be th2 iropar iLeld of beam as a result of low wave

energy of ions. With the acnievement on the proton synchrotron of the

IFVE (Serpukhov) with working intensity 11012 protons/pulse the

intensity/strength of its own electric field of beam reaches several

tens of volts per centimeter. The project of the reconstruction of

synchrotron of the IFVE is designed for obtaining of the intensity

5.1013 protons/pulse, in this case in the project there are reserves,

so that in the future could be solved task the achievements of

intensity to 3.1014 prc.cns/pulse. With this proper field of beam it

will increase to several hundred and thousands of V/cu. Obtaining the

high resolution (about 1 ma) with the aid of the ionizing

profilometers under these conditions sets practical limitations on

the selection of the type of extracting system, connected with the

value of the extracting voltage.

With the identical time of tie extraction of ions and identical

resolution were compared tue exzracting systems with crossed and

parallel fields.

It is easy to show that in this case and without taking into

account the proper field of tba beam of the value of the
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intensity/strength of the extractiag electric field for the systems

with crossed ce. and parallel (Ell) fields are located in the relation

I, d/ft, (1)

where A- resolution,

d- diameter of beam.

At the beginning ot tue cycle of acceleration this relation 4

maximally and in the accelarator of the IFVE can reach several ten.

Thus, for obtaining in the Serpughov accelerator of the time of

extraction 10 as it is necessary to have the extracting voltages 1 kV

for parallel fields and 50 kV for crossed fields.

The proper field of boam affects the resolution of these

extracting systeus diffoxently. In the case of parallel fields

appears supplementary defocusing of ionic image, caused by the

transverse component of the proper field of beam and which is

compensated by the appropriate increase in the intensity/strength of

the focusing magnetic field.

In the case of crcssed fields the effectiveness of the

extracting system is determined by the behavicr of the

equipotentials. along which is accomplished/realized the extraction

Cf ions.

A
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Its own potential of bean causes the distortion of equipotentials. in

consequence of which t~ey appeat, in the first place, blur iith

1 respect to the real Fosition ot Deam, and in the second place, the

strain of image. The amount of displacement in the center of beam is

determined by the relaticnship/ratio

XZ + 2- -tn , (2)

where N - intensity of beam, protons/pulse; u- extracting voltage,

in; L - orbit circumference: a; B - duty factor of orbit; -

distance between extracting electrodes, m; d - diameter of beam, m; e

- electron charge, Cculcmb; - dielectric constant, F/u.

This relationship/ratio was obtained andlytically for the

cylindrical beam during its central location in the extracting

system. For the check is carried out the decision of the equation of

Poisson by the net point method on the computers for a special case

of the geometry of the extracting system. During the displacement of
equipotentials to 10 ma relative zo ideal position numerical and

analytical results coincide with the precision/accuracy of better

than 10o/o. I

II
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Relationship/ratic (2) makes it possible to introduce as the

criterion critical value the extracting voltages Uk' lower than which

displacement equipotentials will exceed permissible value xqon:

U ,- 2,9.10 ZgnL 2 U (3)

Let us rate/estimate the value of retarded potential for the

accelerator of the IFVE for the energy of 70 GeV.
e

Let us assume: L=1.5-10 3 i, ,=0.2 ,, 10"3 ' B=I0 1 , d=10 2 M .

For N1=5.10it , N2=5o101 z dad N3=5e101 3 value UKp are equal to with

respect U11
= 13,5 to kV, u2kp" 135 kV, U3k p= 1350 kV.

If we disregard/neglect the displacement of image and as the

criterion to select the strain of image (change in the second

moment/torque of distribution tc 10o/o), these values can be

decreased by approximately one order.

At the achieved/reached and planned/glide intensities of

serpukhov accelerator the requixements for the value of the

extracting voltage in the case of crossed fields prove to be in

practice impracticable, and must be used parallel fields. A
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If we utilize for th focusia4 a longitudinal magnatic field

with the induction to 1 kg, then practical limit in the intensity for

the extracting system vith the pardllel fields will compose 1014-10s

protons/pulse.

j
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118. A TWENTY-CHANNEL HIGH-SPEED METER FOR THE POSITION OF A BEAM IN

AN ACCELERATOR.

V. A. Skuratov.

(Radio engineering institute of the AS USSR).

For observing the orbit of the motion of beam with the work of

the accelerator in the mcde/conditions of the first revolution and

circulation it is important to have an information about the position

of beam in the points/items, evenly distributed on the ring of

accelerator chamber.

With the aid of 20-channel high speed meter of the position of

beam the observation of orbit is accomplished/realized visually on

the oscilloscope face. Tke voltages, which correspond to the position

of orbit in the points/items of measurement, are fixed/recorded

consecutively/serially on scanning/sweep of oscillograph for the

time, which does not exceed 50 jus.

During the develcpment of 20-channal high speed meter of the

position of beam in the accelerator as the basis was accepted the

31
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equipment for display system. Display system encompasses twenty

channels, which record the position of beam by sum-and-difference

method by the method of isolation/liberation with the output of the

channel of voltage, which correskonds to the divergence of beam from

the center of chamber/camera. Output potentials of display system

vary within the limits of 0.3-s V of any polarity.

The block diagram of dev.Lce/equipment is shown in Fig. 1.. The

measured voltages through the matching cathode followers are fed to

the normally-closed keys/wrenches. Keys/wrenches are commutated .by

control voltages, taken from the triggers. The sequence of the start

of keys/wrenches is assigned by the counter, comprised of the

controlling triggers. The recalculation of the sequence of the start

of the triggers of counter is 4ssigned by the impulses/momenta/pulses

of the waiting blocking cscillator. The operating time of blocking

oscillator is determined by the interval between the spin of the

beginning of measurements and by the impulse/momentum/pulse, which

are formed upon the inclusion/connection of the latter/last code.

Commutated such by fcra voltages are united on summing amplifier

whose output is connected to the oscillograph.

The elements/calls, which are determining the quality of the

work of device/equipment, are keys/wrenches. All keys/wrenches are

uniform. The schematic cf kry/wrench is represented in Fig. 2. In the

FI

74_2
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key/wrench are used two transistors of the type 1T311 and 1T313.

Transistors are connected in series by means of the association of

emitter circuits. Normally transistors are in the open state. The

measured voltage through resistance equal to 5 kiloohm, is connected

}s to the general/common/total emitter circuit. Consequently, low output

resistance of emitter cic.cuits shunt input currents from the channels

of display system.

Page 101.

In the presence of strobe pulses from the controlling trigger

the transistors of key/wrench are closed and the current,
prescribed/assigned by the measured voltage, enters summing

amplifier, to which it separates/liber~tes the voltage pulses, which

correspond in the amplitude to measured voltage, and in the duration

to strobe pulse. Due to the difference of the fronts of strobe

pulses and difference in the transistors at the output of

keys/wrenches appear pulse currents which create false

impulses/momenta/pulses, which do not exceed in the duration of 0.7

ps, but in the amplitude, equivalent to the measured voltage into 1

V. Nevertheless these impulses/momenta/pulses do not interfere to

measure the voltage according to the residual/remanent pedestal with

the precision/accuracy 200-300 mY of any polarity.
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Fig. 3 shows oscillcgram of the recording voltage at the meter

output in the absence cf input vcltage.

For agreement and increase of input resistance of

device/equipment are used dual emitter followers. Schematic diagram

is depicted in Fig. 4.

Variable resistances in the basis of the first transistor and

the emitter of the seccnd transistor give the possibility of the

control of "zero".

*1!

,l4
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Fig. 1. Blcck diagram of the 20-channel high speed meter of the

position of beam in the accelerator. 1 - crigger; 2 - waiting

blocking oscillator; 3 - shaper of seqcence of driving pulses; 4 -

the emitter follower; 5 - kay/wrmnch; 6 - summing amplifier; 7 -

cscillograph.

Key: (1). Input.
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Fig. 2. Schematic diagram Ot key/wrench.

AA

,. W. .

V..s*

Fig. 3. False impulses at output of device/equipment. I cm in the



DOC =80069308 P AGE B 4

amplitude corresponds tc voltage on the input of 0.5 V.

Page 102.

Summing amplifier of the direct current is made of two

differential cascades/stages, included by negative feedback. Gear

ratio is equal to 0.5. lie highest limit of frequency characteristic

corresponds to 4 MHz.

The mock-up of the 20-channel high speed meter of the position

of beam in the accelerator was used with the final adjustment of the

initial conditions for the introduction/input of beam during

inauguration of accelerator. The correctness of the

introduction/input of beam was estimated during the observation of

the orbit of the first revoluticno Another use/application occurred

during the final adjustment of tha program of the correction cf

magnetic field both by nand and with the aid ef computers of the type

"Dniepr". The device/equipment ct the rapid measurement of orbit in

the mode/conditions of circulaticn on the oscillograma clearly came
I

to light/detected/exposed the results of acting the correction of

magnetic field.

Fig. 5a - in gives respectively the oscillograms of the orbits

of the first revolution, mode/ccnditions of circulation without the

- -iu7 ZL*2 1
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correction of magnetic field and mode/conditions of circulation with

Sthe introduction to correction o magnetic field.

4
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Fig. 4. Schematic diagraa of the emitte~r follcwer.

Key: (1). input. (2) . output. (3). V.

.1 2
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Fig. 5. the oscillogram of orbits. a) exit voltage in the

It mode/conditions of the first revolution; b) exit voltage in mode of

circulation without the correction of magnetic field; c) exit voltage

t yin the mode/conditions of circulation with the manual control of the

correction of magnetic faald. On 14 channels is brought out the

voltage of the intensity of beaz, which corresponds to divergence
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f with respect to the ortat on b m.

Discussion.

N. S. Medvedko. For equilibrium orbital correction maneuver is

necessary the measurement of the center-of-gravity location of

cluster for many revolutions. What speed is averaged in your system?

4V. A. Skuratov. Order of 10-15 revolutions in the mode/con-litions of

I circulation.

!s

I,
} '
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119. NEW DIGITAL INSTRUMENTS FOB INVESTIGATION OF THE AMPLITUDE AND

ENERGY PARAMETERS OF PULSE PBOCESSES IN ELECTROPHYSICAL

INSTALLATIONS.

V. P. Gerasimov, 0. A. Gusev, S. S. Repin, V. A. Skosarev.

(Scientific research institute of the electrophysical equipment im.

D. V. Yefremov).

Development of accelerative and thermonuclear technology in the

contemporary stage advances new requirements for the instruments for

investigation of pulse Erocesses, in connection with which in NIIEFA

are developed the new digital measuring meters, which differ from

those previously develcped by the class of precision and by ultimate

purpose. Are examined below the principles of construction and the

circuit decisions of digital instruments for the automatic

investigation of the fcra of pulses and measurement of the energy,

isolated by single electric pulse in the resistive load.

Page 103.

1. Pulse digital voltmeter of instantaneous values ITsVM3-4.

.4
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Instrument provides the measurement of the instantaneous values

of surge voltages with the randcm error not acre than +-0.03o/o for

the duration of selecticns 2 ps and the cyclic recurrence of

measurements to 500 Hz. The code of each selection is

written/recorded in ZU on the magnetic elements/cells and is

reproduced on the indicator with tne subsequent survey with the

simultaneous output to the printed digital output.

The block diagram of instrument (Fig. 1) realizes the method of

two-step the time of pulse conversion with the compensation basic

part of input voltage signal, proportional to the result of the first

step/pitch of conversion, by the developed digital-analog converter.

Under the condition of executing the inequality

I Egon= VE4Afln +t'45 ~U46"3' ()

(where Egan~ relative integral error in the supplementary schematics

of two-step converter, Z.4A- a relative random error in the first

step/pitch ATs and TsA cf conversion, tCa S - a relative random error

in the diagram of analog subtraction) is correct the

relationship/rat io:

ML48M3 - (2)

where fu.r3- integral random error of measurement of instrument; Ew

, " y
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- the random error in the staps/pitches of conversion; n - quantity

of discrete/digital levels of the compensating voltage, developed by

TsAP. In [1] is shown the possibility of obtaining t,±ot,%, which

when selecting n=1O in principle provides value £usM3 of order

+-0.01o/o. of interest is the circuit realization of input amplifier

(Fig. 2a), device of analog memory of SAP (Fig. 2b) and SAY (Fig.

2c), carried out with the use/aE&lication of field-effect transistors

and the additionally ensured increased reliability and high input

resistance of instrumert (not less than 10 mQ for the signals with

I highest harmonic component of 1 MHz).

2. Digital oscillograph with memory TsOP-1.

Utilized in the oscillograpis with the memory memory/memorizing

cathode-ray tubes (ZEIT) in principle allow simultaneously with the

visual observation of signal to realize the automatic

three-dimensional/space coding of its amplitude, instantansous

values, duration, value cf front and shear/section. In this case

should be utilized an internal reading by the method of the inclusion

into the circuit of the collector/receptacle of ZELT of resistor and

the digital measurement of the intervals between the pulses of the

intersection of the charge patterns of the signal being investigated

and calibrated sweep (scale-time ccnversion (2]). In principle can be

processed with the nominal precision/accuracy the single '4I4
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I impulse/momentum/pulse cf any duration, which satisfies the

condition:

ep M;(v) max Y (3)

where t. - length of the line of tae image of signal, written in the

limits of the working part of tae target of the ZELT: u - pulse

duration; (V3)moz - the maximum speed of the recording ZELT used.

1
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Fig. Blo31ck diagram Cf TSVd 3 - 4 .

KaY: ( I. ndicator~ . pulse am pIif ier. (3). Generator Of

g ate/strobe. (4). Input. (5). Meas. (6). For Ms. (7) . De3.a- circuit.
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Fig 2.Inpt apliies wth he iner andassfiler a)

schematic of the device~ ofN.v an -Smmr b n iga faao

subtrctio (c)

Key:~~~~~~~~~~~I (1) oupt rmTA.() Apiir 4.Bnp

filtr. (). ate/trob. ()* A poit .. (7e strag. (8.fV

(9j Pus__2liirih______1).Ipu_ ro mpiie. (1)
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Amplifier. (12). Output to circuit. (13). storage.

Page 10L".

Fig. 3 gives not requiring special explanations the generalized block

diagram of instrument in taa mode/conditions of the measurement of

instantaneous values. Fez measutiag the instantaneous values with the

high precision/accuracy is utilized the differential method, which

expediently combines the advantages of time-pulse

(precision/accuracy) and scale-time coding (operating speed). In this

case the measured instantauisuds value is represented by the sum of

two components/terms/addends

Uex1  U 0 /1+ n BbIX.otp

where uo - voltage of supporting/reference source (limitation level),

measured by time-pulse ccnverter: UbIx.oazp- instantaneous value at

the output of limiter.

The resulting methdological error in the diagram is described

by the expression

r L~ u +. SOT , (4)

from which evident that an error in the three-dimensional/space

coding of CRT can be reduced in (nel) once where n -

relationship/ratio of signals at input and output of limiter. The
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digital equivalent of the measured instantaneous value takes form
II f =i, where

: K (n - k t (5)
K n k un+ s,_r

1' }where Kaun and Ksni- gear ratios of the time-pulsed and scale-time

coding converters respectively.

It is evident that under condition Kgsn'3nr the result of

conversions does not depend on n. Furthermore it is apparent that

systematic errors in the schematics of instrument average out during

the supplying of signal and calibrated scanning/sweep through the

general/common/total circuit of vertical deflection, and in node of

the measurement of time Farameters - with the combination of the

functions GOR and GKR (operating now on the horizontal deflection) in

one device/equipment. A iai randcm error of measurement of

instrument composed +-10/o.

3. Meter of energy of single electric pulse in the resistive load

TsIIE.

Instrument is the specializsd computer, which real.zes the

operation/process

E- u, dt, (6)
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led to the form

and having built-in analcg-digital converters ATsP for obtaining the

digital equivalents of the instantaneous values of the pulse of

voltage (u,)L and current (uLk. ATsP are selected in such a way that

the operation/process ct aultiplication is performed in the process

cf conversion. If we carry out a time-pulse ccnversion, for example,

of values (LL)c and pulse-frequency (u) , and then to code interval

T 6T(uu)i by filling on the valve/gate and by the counting of the

pulses of frequency YL-dj(uL) , then dig-'.tal result will be:

N(Uu) 0 T(UL)00f=Tf. (8)

In the resulting expressions. 0 - conversion factor (uU)t-T.; 15.f

conversion factor (uL); -S'. Results on (8) can be further summed up in

the recording counter, in this case the indicator of the latter will

show the number; lj N (Uj)L T(U0)L6f , (9)
1,,

which with sufficiently large n is identical (6).

Block diagram of TsUlE is shown in Fig. 4. The applicability of

structure for the construction of TsIIE of narrow pulses (unit as) is

'completely determined ty the presence of circuit GJCh that

corresponds to the fcll~cing requirements: 1) frequency range

" 1
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(0.35-3.5) 31Hz; 2) instzument error -is not more than 4-0.5o/o in

the range of temperatures (20+-10)1 OC; 3) s ).350 kHz/V.
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* j* _ iYJ,- i HffY9u~umop

'p.3

Fig. 3. Block diagram cf TsOP-i. GKR - generator of calibrated scan;

SUS - balanced amplifier; GOR - generator of oscillograph

scanning/sweep; RKOI - relay of commutation oscillograph-weasurement;

UFOP - amplifier-shaper oi the marks of intersection; BU "I" - the

block of the setting up of the abscissa of the measurement of

instantaneous values; TsIVI - digital meter of time intervals.

Key: (1). Delay circuit. (2). Supply. (3). Amplifier. (4). Input.

(5). Limiter. (6). Supporting/reference source. (7). Indicator.

b~ 1 A

I/A

Fig. 4. Block diagram cf TsIl- t - shaper; GST - generator of

gate/strobe; LP - linear baadpass Ailter; V valve/gate; D - f

AK
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decad3/ten-day period; GUCh - gbaerator of the controlled frequency;

US - device/equipment ct discharge/break.

Key: (1). Indicator.

Page 105.

The authors proposed use/application as GUCh the diagraa of

relaxation oscillator cn a transistor-tunnel diode relay with the

1 supplementary current akiplifier (T3 ) in the feedback loop (Fig. 5).

when selecting of frequency ranye is taken in the attention the

statistic&l processing cf the results of the coding of intervals T7

with the addition of tle large quantity n=100 of their numerical

equivalents NS-TLfc in the recordiag counter, in connection with which

this resulting error in the discreteness it is determined by the

expression
(10)13.

All instruments examined have an output cf standard binary

decimal code 1-2-~4-8 by printed digital output and ETsVM1.

_--

~i
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Fig. 5. GUCh circuit.
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Discussion.

L. V. Reprintsev. Are such the advantages of the diagram of the
analog memory with the fiela-effect transistors in comparison with

the standard by detectcrs?

V. P. Gerasimov. Advantage consists in the larger time of the

retention/preservation/maintaining informaticn. This is correct for

j"

if,
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small amplitudes of input signal, since instead of the nonlinear

element/cell is utilized fited-effect transistor in the key

mode/conditions (relay eltament/cell).

*1

1:g

'a~
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120. MASUREMENT OF THE PARAMETERS OF THE ELECTRON BEAM IN CYCLIC

ACCELERATORS USING SYNCHfOTECN BADIATION

A. A. Vorobyev, A. N. Didenko, A. V. Kozhevnikov, 3. M. Nikitin, V.
I P. Tsipilev.

(NII nuclear physics at Tomsx polytechnic institute). Upon the

acceleration of electrcns in the cyclic accelerators to energies on

the order of 100 MeV and dbove is observed the strong

radiation/emission of electromagnetic vibrations. As is known, the

spectral composition of this radiation/emission is changed with the

energy of electrons E, with E--100 NeV lies/rests at the visible or

ultraviolet region. Thecretically experimentally this phenomenon is

studied sufficiently in detdil [1-3).

On the electronic synchrotron TPI to the energy 1.5 GeV the

synchrotron radiation was utilized for measuring the number of

accelerated electrons, ard also transverse and azimuthal

sizes/dimensions of electron beau during the cycle of acceleration.

Are given below methods, on which were conducted the measurements of

each of the parameters ct the electron beam cf synchrotron enumerated

above.

i
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a) The measurement of a number of particles.

The procedure of the determination of a quantity of accelerated

particles is based on the ccmpari-con of the measured by optical
mthod intensity of the synchrotron radiation of beam of particles

with the calculated intensity of the radiation/emission of single

particle in the specific spectral interval. In this case it is

necessary to have a radi.otion detector, calibrated completely with

the aid of the standard illuminant. The block diagram of this

installation is depicted ian Fig. I. Total luminous flux from the

cluster is recorded with the aid of FEU (11, 12). The light/world, by

emitted electrons, falls to mirror 4 and through the glass plate of 6

lateral branch pipes is derived/ccncluded outside. Diaphragm 7 makes

it possible to record light/world from the limited section of orbit. (.

Prism 19 makes it possible to divide light/world in the space. With

the aid of interference filters 9, 10 of the spectrum of synchrotron

radiation/emission ara cut out narrow sections at wavelengths 4610
and 8520 A respectively. As the standard illuminant was utilized

tungsten lamp S18-200, calibrated completely according to the bright

temperature. Its emissivity with respect to the blackbody was taken

from work [4L]. In view of the varicus polarizational characteristics

of sources from straight/direct comparison is impossible. Therefore

Il
II
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the effect of the optical elements of the installation to the passage

of light/world with different forms of polarization was considered by

Nueller's method [5].

Page 106.

Experiment showed that this monitor of current makes it possible

to define the quantity cf paxticles with precision/accuracy 5-10o/o.

This 2-3 times higher thaa that precision/accuracy, which provide the

induction sensors. A deficiency/lack in this method is the fact that

in proportion to work deteriorates the sensitivity of the

installation due to the darkening of mirror. The same was noted in

work (6). Therefore this monitor can be used in conjunction with

other sensors as the ccntrol roca.

b) The measurement cf the transverse sizes/dimensions of beam.

The transverse sizes/dimensicas of electron bean were measuredIy several methods: by the method of high-speed filming,

electron-optical converter, by photoelectronic conversion and by

method of mechanical scanning with the photoelectronic conversion

(method of rotary disk).

By the method of high-speed filming were carried out the
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measurements of the roct-mean-square amplitudes of vertical and

radial oscillations beam. Photoyraphing the cross section of electron

beam was conducted by wcvie camera SKS-1M in a rate of 2000

frame(s)/s. The kinograms of the cycle of acceleration contain 75-77

frames/personnel (for the duration of the cycle of acceleration 40

ms). The distribution of the intensity of radiation/emission over the

section of the image of team on the kinogram was measured on the

microphotometer MF-4. Accorcing to work [71 the half-width of the

obtained microphotograms at tae level 0. 368 from maximum Irai is equal

to the root-mean-square amplitude of the oscillations of electrons.

Density distribution of electrons according to the transverse

section was measured alsc by the photomultiplier FEU-13 by the method

of the mechanical scanning of the image of bundle of electrons with

the aid of the rotary disk with the gashes. In contrast to the method

of high-speed filming, the sizes/dimensicns of beam are measured

directly on the oscilloscope face during the work of the accelerator.

With the aid of the photomultiplier and the neutral light filter

I, of variable/alternating density was determined also the contribution

I to the cross section, caused by tas fluctuaticns of the center of

gravity of beam. Depending on the orientation of light filter as

measured a change in the orbit of electrons during the cycle of

acceleration in the vertical and radial directions. This made
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possible to consider amplitude and frequency of the center of gravity

of electron beam.

The diagram of experiaeat with the use of FEU for determining

density distribution of electrons according to section and amplitudes

and frequencies of the ceat6r ot gravity of beam is depicted in Fig.

2. Fig. 3 depicts the results or tais experiment.

c) T'he measurement cf the azii-qthal sizes/dimensions of beam.

The instantaneous azimuthal sizes/dimensions of electron beam

were measured by the method of image converter tube. Fig. 4 depicts

the diagram of this ex*erimenz. Optical image from the screen of

high-speed gate enters the amplifier of light/vorld 6, two pairs of

deflector plates of which is supplied hf voltage from the hf

Agenerator of the system of dccelerator with a phase difference of
900.

f,
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Fig. 1. Measuring circuit of a quantity of accelerated electrons. 1 -

vacuum accelerator chamber; 2 - beam of the accelerated electrons; 3

- orbit of electrons; 4, 17 - mirror; 6 - branch pipe; 7, 14 -

diaphragm; 8 - objective; 9, 10 - interference light filters; 11, 12

- photomultipliers; 13 - standard illuminant; 15 - light polarizing

filter; 16- glass plane-parallel plate; 18 screen; 19 - prism.

,:i
I
.t

2,I A '- -
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Fig. 2. Installation diagram for measuring of transverse

sizes/dimensions and fluctuation of the center of gravity of electron

beam. 1 - mirror; 2 - disk with the gashes; 3 - electric motor; 4 -

photomultiplier; 5 - oscillograph; 6 - the neutral light filter of

variable/alternating density.

Fig. 3. Change in amplitudes of radial and bouncing of electrons. I -

energy of the accelerated electrons; 2 - curve of a change in the

amplitude of radial oscillarions; 3 - curve of a change in the

amplitude of bouncing.

Key: (1), GeY.

Page 107.

4 That obtained in this case on thi screen of circular scan corresponds

on the specific scale tc the orbit of electrons in accelerator
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chamber. The use/application of cascades/stages of the amplification

of light/world is caused ay the fact that, in contrast to [8], in the

synchrotron the length of beam must be measured during the short time

interval when energy can oe considered constant.

By the method of electron-oitical conversion were measured also

the transverse sizes/dimensions of electron beam. Because of the high

speed operation of gate it was possible to obtain the "instantaneous"

cross-sectional view of cae bundle of electrons, but not averaged, as

2 this was in other named above methods.

The measurement of the azimuthal sizes/dimensions of each

individually of bundle cf electrons was conducted also with the aid

of the temporary/time photomultijlier of FEU-30 with the resolving

time of 2 ns, which made it possible to determine the length of bunch

of particles without supilementary processing of the results of

experiment.

The given above methods of measuring the parameters of beam

during the cycle of acceleration make it possible to determine effect

on the sizes/dimensions cf the beam of the separately betatron and

I phase oscillations of electrons. Experimental data are in a good

agreement with the theoretical calculations about the effect of

different factors on the transverse and longitudinal sizes/dimensions

I

j~:i
lii IIi! I II ! II
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%ig 4. Installation diagram for measuring the azimuthal and

transverse sizes/dimensics oi electron beam. 1 - vacuum accelerator

chamber; 2 - tangential branch pipe; 3 - objective; ( -

Asemitransparent mirror; 5 - hiq--speed gate; 6 - amplifier of

light/world; 7 - camera RKF-5; 8 - transmitting television camera; 9

- television set; 10 - high-speed/high-velocity movie camera SKS-I.
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K. A. Belovintsev. Could not you report tha data about a change of

the longitudinal sizes/dimensions of beam in the process of

acceleration?

A. N. Didenko. There are tha data, which make it possible to judge

beam measurement in the process of acceleration and which make it

possible to determine how affect guantum fluctuation separately the

radial betatron oscillations and phase oscillations. The method of

high-speed filming, which gives total sizes/dimensions, makes it

possible to conduct this worxing.4t was, in particular, it is shown

that the quantum fluctuations begin to earlier affect phase motion.

Later was obtained the mcre general formula from which it follows

that this conclusion is guotient, but general/comon/total, since

betwegn the energies with which ic becomes apparent the effect of

quantum fluctuations on the phase and betatron oscillations, there (
exists this relationship/ratio:

where E0 - energy with which the guantu: fluctuations of

radiation/emission begin to strongly affect phase oscillations, A

the frequency of phase oscillations, wo - frequency of revolution,

E-energy with which quantum t1uctuations affect betatron

oscillations.

J1
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Since always the frequency of phase oscillations is lower than

the frequency of revclution, ±ollows conclusicn about the

universality of confirmation auout the fact that the quantum

fluctuations first of all affect phase oscillations.

!4

I

I

- i

iI

I I

- "I - l

~I ';
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121. I nstrumients and methods of deasur. ment and ch~ck of - z

Sca; -aoc,&rzitics o.ff ext:rnai beams~ AIUS.

.A. Arakelyan, G. S. Vartanyau, S. K. Yesin, I. P. Karab-3kov, A. M.

Fo-siyz, Mi. A. 4Dartiresian, Yu. a~. Nazaryan.

(Y,?rzavan physical incstizu-ce) .

Mionitoring sxt !rnal g)flotjfl oud,. or. ths Ysr: van synchrotron

was conducted ffo tha u.rpose zoth of letermnring a number of '

-quivai.irt -guarta, whi.cn fa.Li to the targat of experimental

Jiastallitior, - por unit tiwe aiaa determining the effectiveness of thq

I co'nclusicn/output of particles *co intprnal targnt.

For -his was ptcli;2iaarily ae-cernmined the constant of Wilson's

qaantaru ter ((x) with 'the ai-d oft calorjnlpter ( 1], which proved to be
aulto 4.55-.10.8 LieV/couiomo and in t1-he rangea of energieas from 1.5

to 5'eV 6t remains constdr,-,<',nvar2.abl9 with precisior./accuracy
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e-2o/o, with the filliny oz 4ianam tr with mixture 80o/
; /]AIL 20% C:02•

Zhe effectiveness of :e ccnclusion/output of particles o

intErnal -Cagst is det-rmined oy tne r. lationship/.atio

.1M

where Q. - quantity of charge, concluded to internal target for time

' v'4- the avaraged beam current, measured by inductiva-type pickup

for tas same time. V nue Q can Da determinvd with the aid of

b.tte-HIeitler's formula, if w4 cneck by quantameter the total flux of

energy of bremsstrahling -( wazn xnown thickness of intearnal target

t o (in radiation unity) ana k.n tic en'irgy of elec'trons at the moment

of conclusion/output To. dowever, setting up and introduction of

quantanmater under t..- bundJ.e in immediate proximity of internal

target is operaticnal.y dirficuitly attained. Therefore for the

continuous monitoring cf tne effectiveness of exit into the annular

chamber was established/installed &he monitor of the secondary

I ,s mission (M VE), structluraily/cons-rruct-u -ally combined with the target

as this is shown in Fig. Ia. Tne calibration of sensitivity aVE was

conducted with the aid of tne quanzamet;.r, established/installsd in

the direction of the output of 71-oeam at a distancs of -18 of m from

intprnal target. Sensitivity of MVE is det-rmined b'y tne formula
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To to ( 3 2)

where Qs3 and 06 - the cmary.qs, assembled from V2 and quantameter

f:r time t respectively, e - aiectron charge.

This value proved to De equal to 0.455 and it remains constant

with pr cision/accuracy 4-10o/o in Ihp rangg of energies 1.5-5 GeV.

The divergence of the cnaadcteristic of conversion NVE with

.-4spect to the current from tna lincar law, in entirs range of the

currents reached, lis/rests a-. liiits of accuracy of measurement.

ks can be seen frcm fig. la-, uesides MVE of intensity, before

the target are establirhed/inszailed the two additional monitors of

the secondary imissicn, wnica maxe it possible to determine the

vtertical position of bundle in the place of conclusion/output and the

stability of this parameter in tne time. Actually/really, a change in

vwrtical pos. tion frcm onq cycia to the next must lead to an increase

in the vertical size/dimension - bundle, which must decrease the

effectiveness of the transeormation of bundle by the experimental

targets. Fig. lb shows the characteristic of the transformation of

V} this sensor.
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:Iqasu:r-.m;?n*s showed zr:r. -c; eff-ctivsness of conclusion/output

is chianged in zhe considerai~ia li~mits d-pending on the adjustment of

thp lriving/concluding d- vlcas/equipm-znt, state of magnatic system

and from -thz :::'figuratica oAf cn real rslie-f of vacuum chamb:?r. Hatr,

has in mind the setting u of one or the other devices/iequipmant into

vacuum ahambc-r, i.n oarticuiaz, tne output units of electron beam,

etc. Th~rzfore for an improvemAnz in conditions of conclusi'on is

nsclssary information anout daiisi-zy distribution of the2 precipitatiJo.

of par-ticlqs according tc -Lne pcziiqtpr of accelerator at th.a momrtnt

of conclusion/output. For zniz eurpose on the perimeter the rings in

the pl1aces, close to the Luax1iaum of the function of flocruer. IFI, are

astablish-id/install--e tni s.%nsor of t hse br ;mszzzahlung, which measure

the iLntansity of the hiyh-energy part of it spectrum.

3
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the cha acteistic of. ta taransfomation o the monitor of vertical

displacement (b).

* K .y: (1). Target, (2). llcni'or cf position, (3). Monitor of

intensity. (4). To electzometez.

Page% 109.
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As the same wer4 tested tnicf-waiizd ionization chamb :rs. Thasa

chambe.r design is leterxinea ay tn, configuration of site of

installation, and wall thacxnass is determined by maximum energy of

the accalaratel particlzs.

Ift-r conducting cz a ccadazative calibration of sensitivity of

the camera the obtaining airi intcrwation processing from them must be

conducted as follows. During orcugat-out internal target and taken

?xcitation of output units at tna woment of achieving the

orescribed/assigned energy is turnd off/disccnnected acclerating

voltage. Asymmetry of read.ngs of the sensors of bremsstrahlung

,i formas about the preseaca of tne xtreme points wnere first of all

is saZisfied the condition

niT--A(8), (3)

where as .s known (for exampia, sej [2]) - the
j4

coordinate of equilibrium oroi, at point at the moment of

conclusion/output, AT - energy gain per revolution; n - speed, during

which the bundle is dispiacea into vacuum chamber; ,P - the mean

radius of ring; F-, - modulus/medule of th; function ot floquat; +t

- radial frequency of bLtazzoa; M - number of periods of gradient.

All

Further with connectea accelerating field and brought-out target

is coiduc+-d the Pxcitation of tne deriving/ccncluding
A

Iel

01
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devices/equipment. If for a p-ar;od of time of excitation sensors do

not show the appearance ct radia-cion/emission on the perimeter, then

orbit Jistortions, creazea jy tne aerivinq/ccncluding settings up,

lie/rest within the limits of allowances.

For increasing the precision/accuracy of the laying out of

bundlis r - quanta, ccmnbnataon of the axis/axle of bundle with th-

orinzioal axis/axle of exprriment-a± installations, decrease of

clust ?r time for the serltng up of collimators and correct

det.ruination of the coefficiints of collimation, and also for the

continuous monitoring of the position of the axis/axle of bundle, is

4 utilized the instrument for measuring the center of gravity r -

bundl,). Instrument is icnization chamber with the symmetrically cut I

collecting anode, as shcwn scnematically in Fig. 2a. Fig. 2b shows

the set of characteristico of Lhe transformation o- sensor in the

coordinates of displac.ment x aad ratio Qi-Qz/Qi+Q2, where Q% and Q2

charges, measured frcm "an xndlmviual parts of collecting anode,

for th- diff.r=nt values oz raaai of bundls (Rn ). Is remarkable th.

fact that in the thickness ot front/leading chamber wall h, equal to

2 mm, the achieveme-nt of relatLcnship/ratio 0,~78 corresponds

to the displacemint, equal co a raaius the knob/arm/handle. The

precision/accuracy of tne aetarmination of the center- of gravity -

bundlea is limitzd by the accuracy of th . measurements of values of Q1

and Q2 and in the exp%riaant composes -2-3o/o of the diameter of
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bunadli.

Fi,. 2c shows the set or caaract,ristics of tzansfornation,

obtained at constant value dny,-19 mm, but at the different

valucs of the thicknesses of frcn-c/leading wall (h) . From these

curvas it is vidnt thdt iuutua± conductance of trinsformation

increases proportional tc h. so proportionally increases contrast

during the determinaticn of the diametqr of bundle.

The described methods of tne aetection of the position of

internal and -xt.rnal bunaics, ana also tho possibility of continuous

aonitoring of the effectiveness of conclusion/output make it possibl;

to construct the logic o tie staoilization systems of external beams

ARUS.

bundla and ths block diagram or procqssing obtained information,
~ig 3 how th syt~nof n ocating otsns or iruton,

which makes it possible to szaDiiize the position of the axis/axle of

bundla, and to also autcmdztcally change its intensity from the

counting rate of basic experimental installation. THere DI - the

sensors of intensity, DP - tna iosation detectors of bundle, KV -

quantameter, MVE - monizor of tne secondary emission of intensity,

KI, K2 and K3 - collimatcrs, 1 - tae block/module/unit o' the

continuous determinaticn of rat os Q and • In the cas.,- of thB

-Q J



output 3f bloc k/mcdui/unit 1 wil appear the signal, which comes

simultaneously 3 and 5 Elocx/muoile/unit 2 come the signals from the

position detectors of the canter of gravity r of bundle. In the

orres-nca of signal at tra ourput of block/module/unit 2

block/module/unit 3 develops zan signal which enters the entrance of

block/module/unit 4, whica controls angle of slope - bundle.

Block/modulo/unit 6 deterqincs relation .

1

'It
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Fig1. 2. Monitor of the posl-iun oz axis/axle T of bundle (a) and its

characteristic off transicviuation- (D), c).

Page 110.

7 If "this valu-: changpd wita a simulcaneous changs, in ratios andvQ K
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tn is leve].opedI the sijnal at t. nrneo

E b0-ock/Eodulz/unit 7, stazt.ng iz.vice of th- final adjustmant of the'

po~siltof of: inrt=,rnal b-Eau accorainy to the dsscribad abova msthod.

BlccK/moCdulae/uni- 8 raccrds -cae iverage/mean counting rate of useful

-vnc and wi-th its changa guzs ou-, si~gnal to block /module3/unit 9,

which con~trols the rpdistri~uzica of a number of cycles per Z. -d

conclud.d along this channe.

Iii

'It
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II

Fiq. 3. Distribution of sensors according to the circuit and system

Dlcck diagram of ths autciaaic stdiilization of thi space- time

charactiristics of -xteznai onis y bundles.

Key: (1). Sysetem of conclus.on/output. (2). Block/module/unit of

;xciting perman-nt der.iving/conciuuing magnets. (3).

Blck/module/uni: of 4 correcticns of angle of incidence. (4). kV.

.1

REFERENCES.
S. S. P. Kruglov, et a!. Determination of sensitivity of a Gauss

quantum meter and Wilson quantum meter in an energy range of
1 to 4.75 GeV on an Accelerator beam of gamma quanta of the
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2. S. A. Kheyf'ets. Electronic Synchrotrons. Yerevan. Publishing
House of Academy of Sciences of Armenian SSR. 1963.
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utili-zed in your di1agram: accoraini to the divergence or extreme?

I. P. Kahekov. For t1h.- curraction oIL pos--tior and angle Of photoai

buidl~ i ut.iJlizl'.i thr; Iv;.caz/aiUJM-_nC of th.- type of servo

syst:?ms. B~y pre3sett irg~ is , t"iaa/atle thi n cassary

mode/conditions of bundle, dflU tnan arq swit1-ched on the

dsvi4c~s/zquJipm-nt of saliaonaccording to th diverganc~.

AK. A. Bz~1ovin~tsav. Whicn ah ccuracy of thE) mzasurcsment of th4

c=nter of photon bundle witn tne ai3 of sector ionization chambers?

I. P. Karabekov. Pracis:,on/accuzacy depends on -:he diameter of bundle

adwith -the available alactromezars compris-is no-'. morR than 1/30

this diameter.

A. Ya. Belyak. Which the stai~i.Li of bundi,4 in ths

prescrihed/assigned by ccnclus .cni/output charnel?

. . Karabekov. With tne sta,)±e work of the accelerator the -A
saility Of the int~.nSity Of Dundla in the- channel is noz worse than.

a +-15o/o.
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K. D. Johnson. That gas is utliU.zaa in :onization chainber?

1. P. Karabekov. Air.

G. V. Bagdalvan. In the control system has the capability of the

controJl of - nheangl of -na= ianciaeace/i[r.pingam-nt of =lectron ba.am to

the target ir the ho=izcntal pLane. This is reached with the aid of

the supplementary windings on tae olocks/modul-s/units of

el:ctromagna + which give znaa iossiuilizy tc regulats this angle in

-he limits of +-0.5 mrad. Thn syszm of correction is based on

current control in these d-ndings.

Prolonged observaticns snowea that tha rcute of bundli is

sufj.:qntly stable, and ats daverjences on the basis 30-40 m do not

excee d s-evpral millimeters (to 5-o mm). Large divergences it was not.

On the vertical line were onserved the departures/attendagce of

bundle because in the section oz Tne conclusicn/output where is I
arranged/located physical eu.lmeant, are. located massive shielding

blocks, and the shrinkage of foundation led to the slant of magnet

blocks and to the divergence w-ah respect to the apexes/vertexes (on

the basis 40-50 m) on 8-10 mm. In ordqr to remove these divergences,

it was necessary to restcre/r=duce the position of magpet blocks.

.Jl
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122. Automatic miasurament oi inase volume on ths Yerevan

synchrotron.

V. N. Autyunyan, G. V. Baalyan, P. G. Vasilenko, S. K. Yesin, V. K.

K-rol', V. L. Serov.

(Yer~van physical ins:itu-e) K

Is known the seaies/zow of tao methods of the automatic

m=asur=.ment of the phase volumes oz bundles, injected into

high--n~rgy acc-!.l-:tors [ 1-3j; nowev~r, they all provide for work in

thi mods/conditions of the :azoiy repeating and comparatively long

impulses/momenta/pulses and in connection with this they are

unsuitable for measuring the tnase volume of the injector of the

Y-revan synchrotron, whicn givaes current pulses with the duration of

1.5 ps with the frequency of 30 Hz, the energy 50 .eV and the

currents in the impulse/momentam/pulse 150 mA. Is known method [4)

for the analogous accelerator (DESY in Hamburg), deficiency/lack in

which is the fact that the scanning on the coordinate is conducted by

the mechanical displacement of the collimating shutter in the vacuum,

and scanning on the angie is acccmilished/realized with the aid of HF
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capac it or/cond.ns:.r, adjuzid w ::nin rlctron conductor.

In the. pr.s-nt worK is d=scriDed the method, which makes it

possible to fully aa-comate zhesa n.-asurements without the mechanical

displacement of shutters in tue process of measurement. The essence

of me':hod consists of the followiaq. All 1isplacamtnts of beam are

accomlished/realized witn tne aid of the magnetic d flecting system,

established/installed cut of tne vacuum volume of electron conductor.

By th- paralll displacemanz of tne baam of particles relative to

first motionless collimator skots are cut out the consecutivi

sections of beam section and tnea are determined the critical angles

of the lisagreement of eaca cut out part of the bundle by their

divergence relative to the second fixed slit. The determination of

the critical angles of disagreement is accomplished/realized by means

of the stablished/installed after the second slot sensor of

intensity signals from whicn modulate the brightness swellling of

oscillograph. In this case the ncrizontal sweep swellling of

oscillograph it is synchronizad with the parallel displacement of

beam of particles, and the vertical deflection of the light beam of

oscillograph is synchronizea with the divergence of the cut out part

of the bundle relative to the second slot. This synchronization makes

it possible to reproduce on the oscilloscope face the phase volume of

bundle on the specific scale.



*~~~~. K7 77,n~-~tZA~

DOC =80069309 PAGE~

Szh block iiag:am of Uav;c/,uipmnt for the automatic

measurement of phase vc-ume is given in Fig. 1. Dual deflecting

magnat 1 is supplied from tae sdwtooth current generator 6 with rise

time of saw 20 s and currants U-50U mA, and providss ths parallel

bnam displac-.m.r~t of :?lcczrons wirn -ths- snprgy 50 I--V on 0. 1 mm o.n 1

mA of curr,nt in the magnez. Siile deflecting magnet 3 is supplied

from the sawtooth current generator 7 with rise time of saw 0.5 s and

currants 0-750 mA and provIdes che rotation of bundle at an angle

cf 0.03 mraO. on 1 mA of current in th - magnet. As the meter of

beam current 6 serves toro;dai terrize sensor with the sensitivity of

1 mV/mA, signals from waich tarougn the amplifier with the

amplification factor by 1000 are supplied to thm special modulator of

the bhrightness of the lagyz Deam of oscillograph.

rhe width of slots is selected as being equal to 1 mm in order

to have the capability to sulticiently thinly investigate the

structure of bundli and to obzain in this case the signals from thes

meter of current, which exceed anterfersnce level.

M-inimum speed )f tne aisplacement of the beam before the first

slot determines the time (order 20 s), necessary for obtaining of one

full/total/comDtete frame on oscilloscope face. A de-crease in the

velocity of the disolacement of oeam although raises the accuracy of

measurement, impedes the observation of the form of phase ellipse due
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t3 the insufficient time oi tan screen aft-rglow of oscillograph.

Tha scanning time of tae cut out part of the bundla before th-

second slot is selected equal tc 0.5 s from the compromise

considerations, since, on one hand, this time must be much less than

th- tim. of the. disolacemtn, of tne beam bfore first slot (in

contrary case is raduceti tne accuracy of the measurement of the

coordinate of the cut cut part of the bundle), on the other hand,

this time must be much more than the rspstition period of current of

the bundle being investigated (otherwise is reduced the accuracy of

the measurement of the criticai angles of disagreement).

The final seleaticn of the wiath of slots and time of scanning

on the coordinate and tne angle is accomplished/realized taking into

account the concrete/sDecific/dctual parameters of the bundle being

investigated and sensitivity of equipment for measuring the beam

current.

in this article is examined only the measurement of phase

ellipsi in the horizontal plane. The measurements of vertical phase

ellipse are made analogously.

It
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Fi-g. 1. Block diagram ct aevica/e~auipmsn-6 for the automat~ic

measur1,3merIt phase volume. 1 - aual defl-4cting magn~t; 2 - first

collimating slot; 3 - singla .etlecting magnet; 4 - sacond

collimating slot; 5 - matar oZ oezim current; 6, 7 - sawtooth current

gsaarators; 8 - modulator of tae light 4ntansity of oscillograph.

Page 112.

Fig. 2 depicts the horizontal emittance, obtained by the me-thod

of th-i mechanical scanning of aundle with the aid of t1-wo movabla

collimating slots.

* The horizontal smittance, constructed on the basis of th,

I measurement of coordinates ae'd angles via the discrete/digital

scanning of bundle the magnetic field of the relative to motionless

slot is given in Fig. 3.



DOC 30069309 PAG

From the examination of ?i. 2 and 3 it is evident that the

sllipses, obtained by tnese mazhods, g-atly insignificantly differ

one from another.

Thq ellipse, observed on tne oscilloscope face (Fig. 4), is

analogous given in Fig. 2 and 3.

Error of measu_ ement of tane iease volume of order 20o/o.

2 1
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HFig. 2. Fijy. 3.

r

F.Lrj. 2. Horizontal emittance, uotained by "method of two slots".

~ £ Key: (1) . rrad. (2) . tamomrad.

Fig. 3. Horizontal emittana, obtained via scanning of bundle by

magntic ftild relative to fiz sitA*S.

K (1) . -rad. (2)". mmmz..

Hi' .. C>,,oo. ..
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Fig. 4. Horizontal ammizance. obtained by automatic method op. the

osci.lloscope face.
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123. Device/equipment for tae resonance excitation and measuring the

bstatron oscillaticns cl proton synchrotron IFVE.

A. M. Gudkov, A. A. KuzWmfa, V. Ye. Pisarivskiy, G. F. Senatorov, I.

I. Sulygin.

(Institute of high-energy pnys;.cs; the radio engineering institut; of

t he AS USSR).

For the investigat;.on of rae dynamics of the particle motion,

position of operating pciaz in tane cage/cell of frequencies of the

betatron Li the process oi acceieration in entire range of energies

on the proton synchrotron IFVS was davlopad and rlealized the special

devic-/equipment, which maximally uses the available on the

accelerator equipment.

In works [1-3] are in detail described the methods of measuring

the batatron oscillaticns. All tnese m-thods are connected either

with the measurement of tne distorzions of the equilibrium orbit

which appear upon the inclusion/connection of permanent

disturbance/parturbaticn on cearain azimuth of the ring of
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erat Or . to tile in1tetr.Lng c:searchers cycle time or with the

n.asureom~nt of pariod cf coherz-n octatron os'.lla ions, in work [ 1]

itis proposed to plot the ampiruae-phase curve of the. response of

bundl. tc thc resonancg excizazion and of it to r3duce the function

of particle distribution ja tn- buildle according to the frequancies

of betatron.

The authors stopped aa tna rascnance method of exciting the

b " tat. oscillation0 ,'i"- The s ons, carried ouc on tnv3 basis of

works [ 1, 3], showed that Lf we assign the amplitude of steady-State

oscillations, e qual to 1 mm, and by th= scatter of frequencies of the

betatron 6Q=0.01, then on tae maximum energy in 70 GeV it is

necessary to create in the straiget portion with a length of 1.5 m

variabl:e rasonance fieli wian una stress/voltage -8*10-3 V. If we

consider it possible, that tne fraquency of betatron Q during entir3j I cycle of acceleration can De cnanged in the limits from 9.55 to 9.95

fo (where fo - frequency of revolution of particles), then the band

of the generating device/e uipment must be order 80-90 kHz. During

calculati-ons it was assumsd tnat tte bundle is not monoenargetic; the

width of the resonance traquencies of the bundle is determined onJy

by the scatter of particles by the frequencies of the betatron of

frequency of vertical and radial are sufficiently spread.

Calculations showed the possibility of using as the

LI
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high-frequency oower a liz.aer any of the acceleracing stations of

proton synchrot:on IFVE [4] wi-a t-3a minimum, undemanding ess-antial

txpenditures of forces, resources and time, alt-Arations.

The block diagram of xcizar is shown in Fig. 1. Signal from the

master oscillator of syncnrotron with the frequency 30f o through the

key/wrench, which is deteraning oeginning and duration of

high-fraquency "packet" and paasa invecter, comes the entrance of th?

acce!4rating station, ic is amnplified and is supplied to the

actuating element/cell - exciting plates. The given above value of

maximum stress/voltage - 8.0 sq. ampl. - was obtained with the

qsom-itry of plates, which is optimally entered in the overall design

of the end devices of station. The supplementary

capacity/capacitance, introduced by plates into the resonance system

of the final stage of station, is compensated by the decrease of the

value of the fine-adjus-ment (shortening) capacitors/condensers of

resonator.

Input signal 30fo is supplied also to the divider, which has
exit frqupncy 30%o/K, where K - can take any value in the limits

from 60 do 300 with the step/pitca through unity. Stress/voltage from

the divider enters the ccazrcl grid of the second cascade/stage of

the station where is acccmplisued/realized a deep (to 100o/o)

amplitule modulation of the carrier frequency. During the preliminary
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I siarch of rsonance frjuencies tae modulating stress/voltage can be

supplied from the usual audiozrguency oscillator.

The exit stress/vcltaga oz device/equipment is correspondingly

ohased w t h accc-lerating voitaga of tha .ntir. syst-m of stations.

Th system of the automacic frequ.ncy control (APCh) of station

works according to the rincipie o. the- continuous, monotonic

r.arrangement of resonazcr from $_ low rt

that the pulse signal or "jacz" (with th? work on zh_ avsrags/mean

and high energies) woula prove to De within pull-in range of system

APCh and th fronts of the IncredSa of outout potential would be

minimum, was used the special system of the Dreliminary magnetic

biasing of ferrite and adjusmant. of resonator in the required signal

frequency.

For the possibility of tne operational changeover of the system

of driving with R to Z of oscillation and vice versa was realized

special switching circu.t. Diagram makes it possible to also carry

out switching on of all four Pldtes for the creation of quadrupole

field. As the commutating elements/cells are used vacuum switches

with 3lectromagnetic control.
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Fig. 1. Block diagram of zhe zxcizar of betatron oscillations. 1 -

Mastar oscill or; 2 - pnas. ii'varar; 3 - key/wrench; 4 - power

amplifier; 5 - resonator; b - excizing plates; 7 - oscillator of low

f.squincy; 8 - synchronous aividar; 9 - timer; 10- waiting

miiltivibrator; 11 - dc amplifiaz; 12 - oscillograph.

Page 114.

The procedure of the ,tdjaszmeat -F the exciter of betatron

csc.llations consists cf ana iollowing: 1) at the moment of the cycle

of the acceleration, whaca interests researcher, is switched on and

is adjusted high-frequencj packet. its amplitude and form are checked

on th-e oscillograph. Amsipitud is establ.shed/installed in accordance

with the energy of protcns; 2) imcU the frequency divider or from ths

audio signal generator is supplied the modulating signal and

simultaneously is checked The iiltared and amplified differential

signal from the sensitive signal electrodes. Selecting frequency and

2 ' -( Z---w "."" -"
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dzepth of modulaticn, oparator din the maximnum amplitud of

Fig. 2 shows the cnaractaristic oscillograms of the adjustment

of thei moda/conditions of axcization and measurement. The block

diagram of observation dfnd medSurement of frequencies of the betatron

is shown in Fig. 3.

Obse~rving the process of tne Duilding up cf oscillations and

their fading aftesr t-he disconnection of the signal of excitation, it

is possible to evaluate tae Scatter Of particles in the bundle in the

frciquancizes ofl btatron and to datzrmina with th-t high

precision/accuracy the supplement of frequency of betatron to the

nearest integer. Frequency of betatron can be determined in the

modulation frequency, but tais proceduro. does not give the required

precision/accuracy because from one cycle to the next due to the

instabilities of the parameters of accelerator somewhat are changed

excit-ation condition. Thnerfzoz~c tha precisi measurement of friquency

of betatron was carried out witn tne aid of t.he device/equipment,

which measures the pericd or free oscillations after the

disconnection of Fexcitazioa. Davice/equipment makes it possible. to

isolate at will of operator izom one to seven periods of free

osc.Illations and with the aid of tne countqr to conduct the count of

a number of impulses,/mcmenta/puisas, which follow with tho -Freqljancy

30f0 and which fill the onosen iLiterval.
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Fig. 2. The osci.llograms oZ the wo~elcondit~ons of the adjustment of

the excitation of the bhaaron oscillations: a) th. frsauency of

excitation is distant froa tna r sonanca_. Scanning/sweep 0.05 ms/cm.

Se.nsitivity 10 and 0.25 V/cm; 0) tne frequency of excitation close to

the resonance. Scanning/sweep 100 Jps/cm. Se.nsitivity 10 and 0.25

V/cm; C) a precise resonance. Scanning/sweep 0.5 js/cm. Sensitivity

10 and 0.5 V/cm; cl) the end/leai of the excitation. Scanning/sweep 50

s/cm. Sensitivity 10 and 0).5 V/cm. In all oscillograms upper

ray/'beaw - the signal or respounse, lower ray/beam - excitation.

I _ _ _ __ __I_

---- M -------. *-*.--LANE*~*-~-
- - - - - - - - - - -- - - - - - - - -
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Fig. 3. The block diagramn of exczzation and reasursment of

Erqu3nci-is of ths betation: 1 - system of the resonant step-up; 2-

excilting plat~s; 3 - signal ai~ctrodas; 4 - dif-firintial amplifier; 5

- :ilta.-s of low frcqu~anci.as; o - oscillograph; 7 -dsvica/equipment

f:or isolation/liberation 1, 3, 5, 7 - periods; 8 -counter; 9-

controlled delay; 10 - cizaer.

Page 115.

The error in measurement in tnis case can be calculated according to

the following formula

M30

where A the error in interval measurgmgnt in p - periods; n -

number of measurad periods; 0~-supplement Q to the nearest integer.
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Is Possible to easi.ly asceartain that the maximum error is

obtained with q=0.5 and n=1 comprises -+-8.3,10 -3.

In the measurqment o: seven periods and q=0.1 the error does not

exceed +-5*10- s . Under the dctual conditions for the measurements,

waich w:,e being carrica out or. tha synchrotron, the error did not

exceed 5o10 - 4.

Thus, on the accelerator IEVE to the energy 70 GaV w ire carried

out the measurements of fre4uencies of the betatron in entire range

of rnirges. neasuremsns wara contucted without the interferences

with physical experiments, sinaE tae amplitude of the building up of

oscillations in entire cycle of acceleration did not exceed 1 mm.

The results of the measureaenzs of frequencies of the betatron

enploying the dsscribed pzocadure on th _ high energies wera utilizad

for calculating the systems ot conclusion/output; on the low energies

- for the selection of optimua correction and preliminary

investigations of work of taa accal rator with the high currents.

The authors express appreciation to G. G. Gurov, K. F. Gertsev,

A. A. Rukin, who rendered great assistance in the adjustment of

equipment and conducting of measurbments.
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124. Reconstruction of che dcc iadtling stations of proton

synchrotron IFVE.

B. M. Gutnar, V, Y3. Pisart vsry, V. V. Polyarkov, 1. I. Sulygin, V.

A. Sichev, B. K. Shembel'.

(Institut= of high-energ y physics).

With design and mcaernizatiou of contemporary accelerators is

logical theA tndFncy tc arzang=/locate a maximum quantity of

technological equipment beyona the limits of radiation-hazardous zone

(1, 2]. This raises the reisaui.1a of th- work of systems, increases

the sarvicq lif? of parts and assemblies of equipmnt due to the

elimination of the effect of radiation, facilitates

maint%.nanc/ssrvicing, givas tne possibility of conducting repair

work without stopping of accalerator. Special importance this

principle of the arrangemeat/@ositLon of equipment acquires with the

contemporary tendencies -coward a considerable increase in the

intensity of accelerators and duration of the performances of their

continuous work. On the basis of these considerations, in IFYE was

daveloped the project of ta3 reconstruction of the accelerating

stations, after actualization ol waich in the circular hall of



accO'rator zsmain nly ta: rinatcr, -ha output szaga and thq

Jyste.m of their cooling, iiocK aidaram and location of the equipment

of existing station (3] are snown Ln Fig. 1 of that reconstructpd -

in Fig. 2.

Project allows for tad possiDility of simultaneous oppration of

the existing and reconstructea stations, which makes it possible to

realize i-: gradually, witnout special accelerator shutdown.

It is givsn below the analysis of the diagram of the HF supply

of the output stage on the caola and the basic results of experiment.

Agreement of HF catle i- tne range of frequencies.

At present signal from tne master oscillator is opened to the

separate stations on the matched HF cables at the level 3 V. With the

carvirin out of prafina± cascaae/scage appears the problem of the

agreement of cable with input circuit of lamp GU-47B in the range of

-he frequencias of 2.5-6.1 MHz a; the levsl 150-200 V.

In the broadband d.Lagram ox agreement the power of penultimate

cascade/stagg proves tc D equal to several hundred watts. In this

I case is required the use/application of a 2- kilowatt lamp with the

forcid zcolinq and app-ar difficulties with the arrangement/positiol
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of preliminary HF circuit.

The economical diagram, wnicn ensures satisfactory agreement,

an b . realiz d by the usa/applicacion of the reconstructed in the

ranae contours/outlines (Fig. 3). For this diagram: U. =(P2)"'r

Here U. ,4W - amplitude of the incidlant wave; Ps,, P2 - refl-ction

coefficients from the cscila-cor and from the load; r,.-jm -

propagation constant; c - decay constant; m - phase constant.

Page 116.

Diaqram assumes obtainiDg tae lanaar phase shift between u2 and I,.

If the first (anodic) conxour/outline is accurately adjusted into the

rlsonance, and KSB in tae ia adr is differe.nt from 1, than obtaining

linear phase shift is possiDle only due to the complexity of the

input resistanc- of the secona (grid) contour/outline, i.e., due to

its dLtuning. Tha angle of tais decuning is determined from the

relationship/ratio

where a- (Ki-1) (KI-1)e ; -(Ki+i)+(, -f)e
-21LR, cA4 R2da K,--

4. " "
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- KSV in the direction to tae oscillator and in the direction to the

load. .aximum d:tuning .E is obtained when

Rat- of changi in -cna thdsa f contour/outlin-i

di2p (+1ttm,)C(8-d.t9m C) das maxi'-um dp I1"-20 when 4,me.-
d(m ) (6_d. mC) 2 + 4a2  t I2 M d.(mc) hi"

The change in :he phase angle of contour/outline, necessary for

obtaining of line- phase snift in the feeder, presents supplmentary

requirements to the speed ot zae rearrangement of -he frequency of

the contour/outline

Here To,- delay time an tne zeeder:; L and 'k - rats of change

in th3 frnquancy of the master oscallator and frequency of

contour/outline.

The given analysis is made on the assumption that the first

contour/outline is adjusted into the resonance, i.e., Z,=R,. The

parameters of circuit, used Ln the project, virtually satisfy this

requirement. Both contours/ourlines are wound on the identical

ferrite rings, has an identical quantity of turns of magnetic biasing

and they are reconstructed uy one current. Energy factor of the

loaded plate circuit QI=1-1.5; grxd Q2=7-10; K,2 2; K,<5 taking into

account the internal impedance of oscillator; e-Ide os. To these data
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corresponds comparativeiy smaii dngl 9maG3 2 0 . In this case the

detuning of Dlate circuit aoes aoz exceed 2-30, i.e., contour/outline

i3 virtually adjusted and n.Llial assumption is correct.

Contour/outline are r.cons' ructed by th-_ static system of

s lf-aligamsnt the phases (APF,) of oscillaticns on the grid of

output tube und-r the pnasa of tae input signal, which passed through

the cable of delay (Fig. 2). Aizh a comparatively low coeffici-nt of

the control of system K=25 the static error does not exceed 200.

~m
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Fig. 1. Block diagram of acca.Larating station; OP - serviced

locations; KZ - circular aiajl; I - prelimirary HF circuit; 2 -

panultimate lamp GU-40B, 3 - davicG/equipment of interstage

connection/communicaticn; 4 - output tube GU-47B; 5- resonator; 6 -

powerful/thick semiconductor dc amplifier; 7 - delay line; 8 - phase

discriminator; 9, 11 - alectron-tune dc amplifiers; 10-

block/modul?/unit of phase chaciiaq; 12 - power supplies; 16 - system

of control, blocking and signaling; UQO - reference voltage?.

Fig. 2. Block diagram of reconszzucted accelerating station. OP -

s:rviced locations; KZ - circular nall; 1 - preliminary HF circuit; 2

- contour/outlinq of the pi.aulzimate casca-de/stage; 3 - cables with a

lngth of 200 m; 4 - grid circuit; 5 - output tube GU-47B; 6 -



DOC =80069309 P AGE Z '

risornator; 7 - dl2.ay lina; 8 - pnass discrimninator-s; 9, 10, 11 -dc

amuplfi-rs; 12 - ci-rcuit ot comiazason; 13 - dfs:sc-:or; 114 -

block/modulA/unit of the inspa-cmion of amplituds; 15 - power

supplias; 16 - syst-3m ct control, aiocking and sigrnaling; Uom

votgS
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II

+ ..
Fig. 3. The =?quivalnt diagram oz the qrid circuit of final stage Rt,

X1 , Z, - the equivalent parameters of the plate circuit of

penultimate cascade/stage; Hz, Xz, Zz - equivalent paraueters of grid

circuit; W - wav impedance of cable; I - input current; U2 - grid

voltage.

Page 117.

The total time constant of field windings is 2 ps. Dynamic error

taking into account an increase Ln the necessary for speed

rearrangement of contour/outline in this case. does not exceed 20,

i.e., virtually it is assent.

To decrease the static error is not expedient, since the system

of the splf-aligament of zesonator (APF2 ) has approximately the sam3

erroc. With their precise equali-y the output tube will feel only the

dynamic detuning of rnescnator.

i 7
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Consz:uction/d-sgn. and r.iul&-s ci ixptriment.

3.zause of thi use/appJication of the reconstructed

contours/outlines the output stage of preliminary HF circuit it was

possible to construct cn two connected in parallel lamps with the

.dtural cooling of tha typ GU-29. Prefinal broadband cascads/stage

is carried out on twc lamis 6S5P with the corraction. It is

controlling in the system AaU. AT the .-ntrance of amplifier will cost

cathode follower n lamp hSj5P.

The diagrams of the seii-alipnment of phase and ARU are carried

out on thF spmiconductors ;n cna general/comon/total

block/module/unit of autotuning.

Tha axte4nsibla blocks/mouules/units of preliminary HF amplifipe

and autotuning are constructed on the basis of standard

chassis/landing gear and are placed in the cabinat of the supply of

station,

The output stage remains in tnLe extensiblq unit of the

accelerating device/equipment. Fig. 4 and 5 show the layout of the

existing and new r-f units. Is must be noted, that in the new unit

there is a place for distributicn of more powerful/thicker output

tube that gives the possiDality oi further development of system.

Illlilll -lI~ i l I I I N I I
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The developed diagram of i econstruction was investigated

-xp-cimantally on thl special aencn. Tha nonuniformity of amplitude

on the grid of output tuba wiza f, z 200 MHz/s does not exceed

+-10o/o, but the divergence of nase, caused by ths

disagree ment/mismatch of caola, iiws/r- sts within limits of +-20.

During August 1969 diagram were introduced on one of the

stations of acc-lerator and it worrs under actual conditions for 3.8

thousand hours. Within this time it was not one case of failur- of

equipment, arranged/located in tne circular hall, and the units of

pzeliminary HF amplifier and autotuning.

ThB estimat3d time of cha mean tiw b, tween failures of the

equiDmant of station, whicn remaias in the circular hall, is 10

thousand hours, that 3 timas tnan nigher existing.
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Fig. 4. Figy. 5.

Fig. 4. R-f unit of accelerating station.

Fig. 5. R-f unit after reconstruction.
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Page 118.

125. Equipment for the syncaron.zation of the systems of the output

of Yarevan synchrotron.

V. G. Evkin, V. N. MInyaev, 1. V. Mozin, '. Y3. Tzifon.

(Scientific research insitiut.; ot -he tlectrophysical equipment im.

D. V. Efremov).

Equipment for the synctronzation of the systems of the

conclusion/output of Yerevan synchrotron is intended for the central

control of the work of tha eltmenzs/cells of the conclusion/output of

elpctron beam into accelerazor chambers and beam spill to internal

targets, and also for the synchronization of equipment for physical

experiment.

The output pulses of equipment for synchronization control the

work of the following systems of conclusion/output: a) the systems of

local orbit perturbaticn; b) the power-supply system of

7 7
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.s3ptum-magnet; c) th,.: pcwar-suj~ij system of the dafltctiag magnet;

d) tha power-supply systems of quadrupolp and sextupole lenses; e)

the quipment, whizh disconnacts HF generator; $) -quipment for

physical :xDerimont.

Fig. 1 shows the blcck didyraa of -quipmant for the

synchronization of the systems of conclusion/output.

Equipment ancompasses integrator with four comparators and four

diagrams of elactronic delay ana provides the work of four channels

of conclusion/output.

Impulses/momsnta/pules for tne starting/launching of

experimental equipment are developed with the aid of the integrator

with the comparators and correspond to the specific value of the

building up magnetic field in *ha clearance of the measuring unit of

electromagnet.

Impulses/momenta/pulses tor the starting/launching of output

units are developed with tne aid of the precision variable delay

lines relative to the refarence pu.Lse, created at the moment/torque

when magnetic intensity in tne clearance of measuring unit is equal

to zero.
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Job priority and duzaLioa of ahb work of each channel of

conclusion/output are deteriaiaed uy programmer, while the job

priority of the 3lemcnts/c~ils ot conclusio.n/output is determined by

ths value of the Zstablishad/insmailed delays.

All sensors of equim.nt fcr synchronization are located in the

location of measuring units, and programmer, diagrams of controlled

delays and output stages of equiimant, and also equipment for check -

in tha location of main accelarator fraluency.

1. Iatgrator and compazators.

The voltag4 from tne induction coil, proportional by the

derivative of magnetic iild, arranged/located in the clearance of

measuring unit, on coaxia canle is supplied to the electronic

intpgrator with the ccmmutazoz zzom output of which is removed/taken

the signal, proportional to magnetic field only during its build-up.

To thi output of integrator ara connected four diode-regenerative

comparatcrs, the moments oi operation of which are determined by the

levels of reference voltaye. A quantity of points of reference

voltage is selected as being equal to thousand. The value of

reference voltagq is astaaiisaad/installed on the programmer. The

instability of the output pulses of comparators relative to the

rating value of magnatic field in the range from 1000 to 8000

oersteds does not exceed ). 1o/o.
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block diagram of equipmentc -6or tna synchronization of "the systems of

conclusion/output.

Key: (1) . Location of measuraaq uni.ts. (2). Location of main control

panel. (3) . Integrator. (4). Comparator. (5) . VYKh cascade/stage3.

(6) . Variable delay line. (7) . channel. (8) . Shaper. (9). Programmer.

(10). Diagram of chack. (11). Impu.Lse/momc-ntum/pulse of readinsss.

?age 119.

2. Diagram of controlled dblay.

.4
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The diagram of conTzoilea dalay consists of crystal oscillator

with the frequency of 1 Mdz, four ascimal counters with a

capacity/capacitance of 104 each and 28 diagrams of the formation of

output pulses, on seven - of aaca channel of equipment.

From the signal of crystai oscillator are formed/shaped the

squara pulses, which enter one ot iour counters, in the dependence on

the state of programmer. General/common/total duration of delay 10

ms. rhe selection of delay tactcrs of each of seven output pulses is

accompiishad/realized via tne ccnnzction of thq corresponding

coincidence circuits to te outputs of the decoders of two

latter/last decades/ten-day paraods. Delay factor is

established/installed by switcn4s; the discreteness of installaticn

100 Ps.

The diagram of the formation of out put pulses contains the

continuously-adjustable delay line and the exit blocking oscillator,

which ensures at the output oi nundred-meter cable with the wave

impedance of 75 ohms pcsitive pulse with an amplitude of 5 V and with

duration of 5 ps.

The stability of delay factors of output pulses relative to

reference pulse is better than 10 ps.

-1 i
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3. Programmer.

Programmer consists ot tae counter of a number of cycles of

accel'ration and whole seri s of tae logic circuits, which allow the

providing of order and duration ot the operation of each of four

channils of conclusion/cutput.

Thi operating cycle or pzogrammer is selected either by 50 c

1000 cyclss of accileration.

PrDgramm~r provides cha folloding operating modes: a) continuous

operation of any of the channels of conclusicn/output; b) the work of

two any channels alternately; c) the work of two channels

alternately, moreover cne charnel works two times Df more than

anothar, d) the work of two caannels, moreover one channel works by n

cycles of acceleration, ana another - 50 (100)-n cycles; 9) the work

of ona channel during tile n cycles of acceleration, and the work of

two any others during 50(100)-n cycles in accordance with paragraphs

b and c.

in all operating mcdes one of the channels is found in the

waiting mode/conditions, i.e., Degins to work with the arrival of the

impulse/momentum/pulse cf the reaainess of experimental equipment, in

this case in this cycle of acceleration all remaining channels are

I --
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blocked.

The moment of operation of the "waiting channel" can De detained

rslative to th impulsp/momancum/puls* of readiness for 1-5 cycles of

accel _ration.

4. Diagram of check.

Eguipment for synchronizat.on =ncompasses the diagram of check,

which makes it possible to operationally check 'he correctness of the

work of equipment. The diagram of check provides measurement by

choice:: of delay factor of any of 2d output pulses, measurement of the

duration of the work of any of tne channels, expressed by a number of

cycles of acceleration during the operating cycle of programmer. The

diagram of check provides also visual control of the

established/installed prcgram.

Equipment for the syncnronization of the systems of the

conclusion/output of Yerevaa syncnrotron is carried out in the form

of two standard struts. For tae purpose of an increase in the

reliability in the equipment is widely used the slipping redundancy

is provided for cold reserve of all basic building blocks of
! equip ment.

The operation of euimeant during two years confirmed its high

reliability.



:1

DOC = 80069310 PAGE

126. Precision wide-range tnyristor-transistor stabilizer of high

currints.

Yu. N. D~nisov, V. V. Kal.Lica;n~o, V. A. Perezhogin.

(Joint Institute for Nuclaar Rzsaarch).

transistor compensativa curr3nt rsgulators ar used extensive(ly

in the power-supply systems oz tne electromagnets of physical

installations (1-5]. Such staDiiazars provide the prolonged stability

of fiH-d cuirrent by O.CI-O.00Io/o and the suppression of pulsations

to tha appropriate level. In tne wide-rangs transistor comensativ.

stabilizars of high currents is commonly used the system of dual

control, which consists cf the ccnzour/outline of precise and

contour/outline of coarse control. With the aid of the transistor

regulator and the system or fbednack with the high factor of

amplification and the stable reference voltage (contour/outline of a

precise control) the currant of load is supported by constant with a

high degree of accuracy. At tne same time output poteptial of the

source of the direct current, whicn feeds stabilizer, with the aid of

the feedback loop is regulated sc (contour/outline of coarse control)

so that the voltage Orcp across gap/interval the emitter-collector of

the controlling transistozs would remain in effect permanent and
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would not exceed several volts.

Regulating rectified voltage can bs conducted by a change in the

amplt.ud3 of the alternating voitage, applied to the rectifier, by

changing the transformation ratio of power transformer. A change in

the transformation ratio is achieved by means of the commuta-ions of

the windings of power transformer. A regulator of this typ provides
a stepped variation in permanent output potential of rectifier. At

the specific value of the quantity of the steps of voltages this

method can be successfully used in combination with a precise

transistor compensative regulazor. A commutation of windings it is

expedient to accomplish/realize with the aid of the thyristor

switches of alternating current.

Page 120.

Th. block diagram oi the staoilized current source with

thyristor-transformer regulator in the contour/outline of coarse

control is shown in Fig. 1A. The power transformer of rectifier (Fig.

1.b) has n of comir.ltated secondary windings'a number of turns of

which (and respectively load voltage) are proportional 2L-, where i -

the raference numbqr of the corresponding winding. If proportionality

factor is equal to k of volt (value of the step of regulating), then

voltage on the secondary side of power transfcrmer by the

I)
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corresponding changeovers of windings zan be regulated in the range

of values u UI+(26-I ") k] volt. Supplementary, not compensated

winding Lx provides the anitiaa± stress level of the compensati.ng loss

on the rectifier and precise regulator ukmrLn' The use/application of

this winding makes it possiD1 zo also decrease a number of

commutated windings, or a value oi the step/pitch of regulating

voltage.

The main doubtless advan-zages of this version of

thyristor-transformer regulator are: the high value: effici.ncy and

factor of power cos 0; tha insignaizicant distortions of the

sinusoidal form of vcltaga and output current of regulator, since the

commutations are accomplished/realized at the moments of the

transition of the current througa zero, and the time of the

inclusion/connection of tayristors, as alrf.ady mentioned, little.

Although for the discussed regulator is required a relatively large

number of thyristors, however in tne majority of the cases can be

used the thyristors witn a smail inverse voltage, which have low

cost/value.

Fig. 2 and 3 give the scaemaz±c diagrams of the block of control

of thyris;tor switches. 'he block/module/unit of generation of

commands 'Fig. 2) encompasses: the device/equipment of the

isclation/liberaticn of timing pulses, threshold device/equipment and
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bidirectional counter.

The d~vics/squipment of the isolation/liberation of timing

pulses sprves for the formazion of the command impulses whose

.- 'morary situation provides the cnangeover of thyristor

kays/wronches at that mcmnt/tozqua whin voltage on the anode of

thyristor approaches a zero value. This makes it possibla to avoid

the simultaneous starting/launcning of two thyristor switches and

short circuit of windings. The temporary situation of timing pulse

ralativa to the reference sine vcltage, removed from winding of tho

VI power transformer, is determined by the value of resistance R1.

The conversion of sine voltage intc pulse is accomplished by the

schematic of asymmetric trigger -ld frequency divider of five

triggers, assembled on triodes T1-T17. Frequency division is

necessary for an increase in the repetition period of command

impulses. The rpetiticn period of command impulses must ba somewhat

more than the time, cccupied Di transient processes in the

nodes/units of entire staDiiizer. £hrqshold device/equipment consists

of two asymmetric triggers, whicn nave the different levels of

functioning on the input voltage and two keys/wrenches, controlled by

these triggers. Trigger (T20-T21) must operate/wear at value

U nf,trigger (T18-119) - vnen km=-" The exit voltages of

triggers control keys/wrencnes (T23 and T24). With the aid of these

keys/wrenches is acccmpiished/realized the commutation of timing

1 _________ ___-



~~ ~ E .1r. ~~ i ,  o ,  .... -r~ .... -I... ..... "I .... -... ... i

DOC : ,0069310 PAGd 9

pulsis on the e ntrancs oz oid;.ractional counte.r.

Aidirectional counter contains four bits (T2S-T47). The

otential levels of triggers are commands for inclusion/connection

and disconnection of thyristor switches. The initial state of the

triggers of counter, whica corresponds to "zero" commands, i.e., to

the minimum rectified vol;aye, is sstablished by the short-term

closing of contacts of relay HI during the supplyiag of the voltage

of supply of counter. For exiwinating the possibility of ths

transition of counter from the "zero" state is direct into the

"single" and reverse (in sucn a case if they will contiaue -.o enter

command impulse on furtner increase or decrease in the rectified

voltage with the depleted possiDla1ties of key control) serve

kiys/wrenches T25-T26 and T27-T28.

The transmission ot the commands, prescribed/assigned in the

form of the potantial levals of triggers, to the thyristor

keys/wrenches is accomplished/realized with the aid of eight

identical controlled vcltage converters. (On Fig. 3 it is shown the

diagram of one block/mcdule/uniz, which contains 4 voltage

converters).

In the contour/outline ot precise current control in the load

enter: transistor regulator, reference-toltage source, modulator,



DOC 8 0069310 PAGES

low-fr: quency amplifie-r, as aiscrimin ator, aid also series/row of
auxiliaLy

3y rf-Lfl-zavoltaqe source in the diagram of comparison (Fi4g.

4$) servis thras-circuit voi.Laag- reyulat.or (T12-T13, D7-D9, D3-D6,

D2),* Genaral/commcn/total staa.i"ization factor with a change in th:

line voltage is -104.
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7/L

Fig. 1. Block aiagram oi thyristor-transistor current regulator (a),

block diagram of ::ough ccnzrci loop (b). TP - thyristor switch; k -

value of step.

Key: (1). Control unilt, (2). Is thristor. regulator of altarnating

current,. (3). Rectifier, (4). falter. (5). Device/equipmant of

comparison will enforce. (6) . TO rectifier. (7) . Converter of
commands. (8) iolt. (9). bidirectional counter n (10). Threshold

device/equipment. (11). Davca/equlpment of isolation/liberation of

synchro pulse. (12). V.
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Sa ai of W e

lea -!UI*

41q -50

Fig. 4. The sche matic diagram of zae block of comparison and

amplifying the qrror signal.

Key: (1). V. (2). Contact. (3). circuit. (4). Address. (5). VYKh.

Page 123.

The difference between a voltage drop across the standard

rasIstance (connectesd in tna circuit of the stabilized current) and

the adjustabl9 part of the reference voltage enters the entrance of

the transistor modulator T1-T2, where it is converted into

right-angled alternating vcltda e - error signal. modulator is carriad
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out on transistors T30 cn tie icanatic of parallal-seri.zs transistorj k~y [61.

The amplification cf tne .rzoz signal is accomplished/realized

by a tr ansisZor low-frs.uercy amriifier T3-T6. Then the voltage of

th error signal is straij~n.dr~ctified by phase-sensitive_

4 detector (T#-T10) and enters tae antrance UPT (Tll) . Exit voltage UPT

4through the matching cascades/stagas controls transistor ragulator.

.iaximum value of gear ratio from rae entrance of modulator to the

output of the phase discriminatcr to equal -1200. Transistor UPT T11

(type P26A or P21A) is selected with the low value of current

Temp.rat're stability UPT can = increased by the I ,.

inclusion/connection of small resistance (200 ohms) into the emitter

circuit T11.

The described stabilzea current source supplies magnet

windings, used for calihrating uae magnetometers. Range of current

control 0.7-34 A.

Fig. 5 J1epicts the curve or tne drift of current, written with

the aid of the meter of an instability of the type V2-13. Stabilizer

is connected in 40 minutes prior to the beginning of recording.

Mode/conditions of the work of the stabilizer: 1. - 10 a, Um- 22 V,

u,,,-1o V. The maximum cutoff/disconnection of current in the load

from initially fixture dces nor exceed 8.10"-." on the graph/curve

are notid tho oscillations of tn temperature in tae location where

is established/installed the stani.ized source and electromagnet.
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127. Device/squipm nt cf nign-frelency synchronization of particle

injection in accumulator/szorage VEPP-3.

1. N. Zakhvatkin, E. A. Kuper, V. I. Nifontov.

(Institute of nuclear physics of SO AN USSR).

In the work is descriued the device/equipment of high-fraquency

synchronization for the paricL injection into accumulator/storage

VEPP-3.

The resonator of accumulator/storage works on the 19th harmonic

(76 MHz) cf frequency of revclution. Device/equipment provides for

program control of injection into aifferent separatricas of

accumulator/storage. The ouzpur pulse, which is de:ermining the

moment/torque of injection, is phased with the high-frequency

resonator voltage. Precision/accuracy of fixation of phase of 10-150

(0.3-0.5 ns).

Device/equipment has two operating modes: 1) work in the

presence of two rigidly paased radio-frequency voltages 76 and 4 MHz
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'l(requency of rc.voluticn); ) crx in the mode/conditions of the

internal frequency disciimination of inversion with the aid of the

.]ividar on 19.

The block diagram ci aivice/equipmeant (Fig. 1) is functionally

divided into 3 nodes/units - aiagram of fixation of phase 76 .iHz (I),

synchronizing circuit for ouservation and measuring the parameters of

beam (I), diagram of ccntzol oz filling of th- separatricas of

accumulator/storage (III).

The diagram of fixatioa of phase 76 MHz works as follows (Fig.

2).

Entering entrance B radio-frequency voltage 4 NHz is limited, is

amplified (T") and is supplied cn the entrance of the shaper of

narrow pulses T9, ,o)- Impulses/momenta/pulses from the first arm of

shaper (T1 o) are amplified (T1 s, ,) and through the

block/module/unit of vatlxdle/alternating delay enter the coincidence

circuit, carri:!i out on diodes £,, D2 and tunnel diode TD3.

Simultaneously to the ccincidance circuit are fallen the

impulses/momnta/pulses, caoled to the phase of HF voltage 76 MHz by

amplifier by shaper (T3,4 ).

The impulsfs/momenta/pulses of amplifier (T., T10 ) through the

• Ia, i na~ u ul llm• • I ii • ~ l • l m l~a ll ~ l l l l m ll l lm I
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sw..ch (T 1 7 , ,) which controls tae work of the diagram of

pceliminary joining (TD 2 , T2 2 ) , support TD2 at the diffusion branch.

Tha impulse/momentum/pulsc "3tart 1,, readjusts trigger (TD2 ) to

the tunnel Lranch, and the next iiuulse/momentum/pulse of shaper

(T1 9) rzturns TtD2 to the 2ai~tai stat9. Positive drop/jump after

amplification. (T 2 L) it Enters zne tr-Igger (TD3 ) and prepares it to

the work.

Co-;ncidenc, pils- returns TD 3 to the diffusion branch, starting

univibrator (TD4 ) and amplizier (T23 , T2 4,).

Outpt pulse (40 V, fronts 6 ns) enters the power amplifier with

he continuously adjustable delay in limits of one period of 76 MHz.

Synchronizing circuit ior ooservation and measuring the

parameters of beam cables -.ie tzigger pulses of r-acorders to the

specific phase of the frequency cf revolution of particles in the

accumulator/storage, maximum launcaing rate 10 kHz. The

tamporary/time performance records of diagram are given in Fig. 3.

Blcck/module/unit of variable/altarnating delay (Fig. 4).

Delay is accomplisned/rea.Lzeu by a shorting of cable by diodas
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(D311), controlled by ccmautcttor. nput pulse after being reflected

) from the connect3d with trn given moment/torque diode, it appe-ars at

the entrance of line after thd e, equal to the doubled electrical

length of cable.

The capacity/capacitance of aiodis in the closed state is less

than 2 nF, dynamic resistance itan thR current 15mA is iqual to 4-5

ohms, that provides in the casc of tho pulse delay on 250 ns Ihl?

fading not mto-- than 20o/o. Since Larticlcs are injected

simultaneously into 2 adjacent separatrices, overall delay is

coll=ctsd of 9 segmints of caole ia ilsctrical length 13.05 ns in

-ach.

The working detuning of tae frequency of resonator 76 MHz

composes +-0.3o/o with xespec to T=13.052+-0.4 ns. Temperature

instability of delay in tne range of temperatures from t20 -o +400C

comprises 1.2.10- % [l].
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Fi~g. 1. Block diagram cf the aavica/squipment of high-frequancy

syrichronization. 1 - diagram of fixation of phase 75 MHz; II -

synchronizing circuit; III - aaagram of control of filling of the

Iseparatrices of accumulator/storaga; 1 - ampiifier limiter; 2 -

circuit of frequency division; 3 - amplifier-shaper; 4 - electronic

rslay; 5 - shaper; 6 - d3,agrax of preliminary joining to 4 MHz; 7 -

coincidance circuit in thb channel 76 MHz; 8 - exit shaper; 9 -

coincidinci circuit in the channel 4 MHz; 10 - diagram of control; 11
- commutator; 12 - blocx/module/uait of variable/alternating delay;

13 - amplifie-r of power witz tne controlled delay.

Key: (1). Starting/launching. (2). output. (3). input.
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Fig. 2. Diagram of fixation o£ tna phase of the high freguency of 76

* Hz and synchronizaticns on the Fhase L$ Hz.

Ke.y: (1),. Input. (2), . o gntranc& of block/module/unit of

! variable/alternating delays. (3) . shift/shear. [i) . MHz. (5) ° Input.

I*

6) 6c (7) tu0s

ic

mo ; 9
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I!

4N

51 II

7 '7 I

Fig. 3. Tue graphs of syncaroniz ng circuit 4 MHz. 1 - HF voltage 4

MHz; 2 -output pulse cf ampl-izi.ar-limiter T7, Tg; 3 -the output

pulses of amplifir-shapez TL1 , T12 ; 4 - trigger pulse; 5 - output

pulse from the shappr TD6 ; 6 - impulse/momentum/pulse of the diagram

of preliminary joining TD6 ; 7 - output pulse from the diagram of

preliminary joining; 8 - impulse/momentum/pulse in the diagram of

coincidgnces TD7 ; 9 - cutput pulse (T28 ).
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Fig. 4. Diagram of variable/altarnating delay.

Key: (1) . ns. (2). Input. (3). ccmmutator.

REFERENCES.

1. A. A. Kurashov. "Generation of Series of Pulses in Systems with
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Session X.

Powerful radio engineering aevices/equipment and accelerating

systems.

128. Injector of the bcoster of proton synchrotron IFVE.

A. L. lints, B. P. Murin, I. ka. Hevyazhskiy, V. G. Kuhlmann, B. I.

Polyakov, L. G. Lomize, A. V. Lisnanko, B. I. Bondarysv, A. D. Belov,

V. V. Kushin, A. A. Dzhanxo, A. P. Fedotov, E. A. lirochnik, N. L.

Sosensiy, V. V. Kurasov, Yu. S. cherkashin.

(Radio engineering institute of tua AS USSR).

V. A. Alekseyev, G. A. Grau, A. I. Gryzov, A. V. Popov, A. I.

Solnyshkov.

(Scientific resoarch instiruta of the clectrophysical 4quipment im.

D. V. Efremov).

S. A. Il'yevskiy.
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(Insti.tute of high-c neryy Vnysics)

?rojected/designed acc1lerator - the injector of the booster of

synchrotrcn IFVE - single-cavity linaar accelerator with the

Dr eiajpctor, thi bunchsr and tte dvbuncher, Its basic paramaters are

given below:

exit anergy ... of 37.8 MeV.

Energy of the injection ... of 700 keY.

Frequency of the accelzating dF field ... of 148.5 MHz.

Average/mean rate of acceleration ... 1.24 MeV/m.

Design beam current at the output ... 100-150 mA.

Spread Df particle momenta at tne output (after debuncher)

+-0.3o/o.

Duration of the pulse c tne proton current ... of 1.5-20 ps.
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Duration of HF pulse ... 250 ps.

S'ability of the amplitude of acceierating field ,.. +-1o/o.

Powec Of losses in ccper or rescnator, buncher and debuncher .,. of

3 L W.

?owpr of beam with tha cu~rrtsa 150 mA ... of 5.7 MW.

Lsngth Df the rpsonator . of 29.9 m.

Diamater of th-:? resonator ... or 1327 mm.

Number of drift tubes ... 1/2+94 1/2.

Diamater of the drift tutas ... of 23.2-10 cm.

Diameter of the aperture ... of 2-3.5 cm.

Length of the period of focusing ... 2.

Gradients of magnetic fields in the lenses ... of 6-0.6 kgf/cm.

The capacity of the focusing channl ... of 1.2 cm-mrad.



Thot mod/conditicns of WrK of the accelerator is

packaged-pulsa. Pulse rapatitio" fzequency in the package 25 Hz,

wails raeotition frequency of pacxages 0.1 or 0.2 Hz.

As th: acctlerating struczuza is utilized the resonator with the

drift tubes, which is the copy of the first resonator of accelerator

1-100 [ 1]. Particle focusiug is accomplished/realized by the magnetic

quadrupole lensqs with the puis supply, placsd on; in each drift

tube. In the constructicn/dasign of drift tubes in comparison with

the drift tubes of accelerator I-100 is provided for an improvement

ia tha heat withdrawal fioa tne coils of lenses. Rsonator and drift

tubes are cooled by the water, ;h-rmostatically controlled with

precision/accuracy of +-0.1 0C.

ThF vacuum system oz zesouator - is two-chamber. For the

high-vacuum evacuation will be used titanium pumps.

As the buncher and the aeouncner are utilized single-gap

resonators. Constructicn/dasija of buncher the same as on the linear

accelerator 1-100 [1], and deuuncher - as on accelerator 1-2 [2]. The

amplitude of the voltage of d buncuer composes 700 kV, drift spaces

-14 m. The system of HF suppy as constructed analogously justified

I~ i
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itself on accli:ator I-100 iii Sdrpukhov. Large avsrag./mean powers

and beam cur::nt to 150 MDA Cndy warc nacessary to increase a number

of terminal amplifiers (cn triodes GI-27A) to three. They are

arranged/located along the resonator so as to avoid the noticeable

i.xcitation of the overtcnes of worxing mode of vibration.

Th, block diagram of HF sys am is given in Fig. 1. Exciter V and

setting device ZU differ little irom those utilizel on accelerator

1-100. For adding the powers oi three terminal amplifiers OU in one

r-sonator besides the coupling aajustment is provided for the

automatic control of the phase relationshiDs/ratios between them by

eans of the chase shiftecs fie.

Page 128.

The HF supply of buncher B and denuncher D is intended to carry out

from the resonator R, wnere wl.± ni supported the stable amplitude of

accelerating field. The anodic supply of terminal amplifiers will be

conducted from the modulator 1 wita the rigid discharger/gap and the

partial discharge of capacitive accumulator/storags without the peak

transformer, which will ensurt the necessary operating speed of the

system of program regulating with anode voltage for the stabilization

of the level of accelerating field. For the circuit of the charge of

modulator it is possible to utilize a rectifier of the type KVTM with
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thyristor voltaga r.gulator. ae same modulator can be utilized for

the sxcitati on,

The stabilization of tae aajustment of the fr'que.ncy of

resonator to the maximum oi dccieirating field is

accomplished/realizad by a syszew ARF-Ch, analogous that utilizad on

the sicond rpsonator 1-10U (1]. Aaalogous devices/aquipment AFR-Ch

will ensure the stabilizar on of a phase differenc - between

resonator-buncher and resonator-aanuncher. The actuating elements of

syst ?m ARF-Ch will b- tne plazcs of the adjustment of r-asonator,

bunchar and dabuncher.

Trigger pulses cn zho r3injactor and the timer device/equipment

of linear accelerator are suppliea dir.ctly from the booster. The

control of trigger pulses on the linear accelerator is conducted on

its timer dIvice/equipment.

For the maasurement of the parameters of beam are utilized

mainly traditional methods and devices/equipment: the induction

current-sensing devices and position of beam at input and output of

injector, magnetic spectrum analyzer, syst-m of slots and

collectors/receptacles ror tha check of emittance characteristics,

system of screens for the oDservation of the form of the cross

section of beam. Furthermore ic is proposed to utilize the noncontact
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matho)d of measurement or tnie average speed (energy) of protons in the

clust~r at thp output ci izjac-rcz on a phas-2 difference between two

small resonators which are axc.:zed by oeam on the second harmonic of

the frequency of bunches.

The approximate astzimate of tae width of the spectrum with the

beam currsnts, which 1exca~u appzoximataly/axamplarily 20-30 mA, it is

proposed to produc;3 also wi-:h noncantact, me:thod. For this it is

plannsd/glidsd 'to measure duraticns and forms of proton clusters atl

the output of injectcr and before the debuncher.

For the optimization of tine process of injection into the

bocstir -s providad for th,= sys ;am of tho correction of the basic

paramatars of beam according to r-ae information about the position in

thp Dhasn spaca of the injactd into th,-: booster particles.
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.System block diagy-am Of dF supply of accellhrator.
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129. ?owerful part of HF systrem oi the intersecting rings CEtUN.

F. Ferger, U. Shnel.

(CERI')

1 1. Introduction.

In the literature (1, 2] ave alrea Iy been examined the

questiJons, connect-?d wizn tae rings. In tha proposid rsport the

atte:ntion is accentuated on some special fatures/peculiaritie-s,

which relate to the determination of the parameters of the equipment

o tha powerful/thick part of tha diF system of41 the intqrs-ecting

rings.

2. Comparison of paramat.irs oi injector-accel3rator (proton

synchrotron) and rings.

As -the inj~ctor of rings servjs the acting proton synchrotron of

CER1N on 28 GeV; therefore, Daing based on the real parameters of

proton synchrotron, it is possible to make basic propositions

relative to ths high-frequency system of rings.
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First, it is i.sirabi to accomplish/rsalize one comploti cycle

of acceleration for the timc iantrval smallar than ths

full/total/complete cycle time cf jroton synchrotron, which is 1.5-2

s [31.

To this condition corresponds work of both rings on the

alternating impulses/mcmenta/puises of proton synchrotron.

Pags 129.

In the s.cond place, zae arought-out from the proton synchrotron

be.am is bunch.d and is transferred/translated .lqto the intersecting

rings by already bunched, wzuch provides reliabie capture by bunch

with synchronous separatzices. For fulfillment of this condition it

is r='quired so that the frequency of rings would be equal to the

frequency of proton synchrotron during the ejection, which is 9.536

M1Hz with the energy 28 GeV. Proton synchrotron works on th, 20th

harmonic of high frequency, and rings - to their 30th, since mean

-adius art; one and a half timas more.

This means that after ona impulse/momentum/pulse of injection,

which consists of 20 buncaes, in tae ring will remain ten empty
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$sparatricp~s. If w= do not tax.a special m.asures, th,.n, naturally,

the sffectiveness of accumulatica not to exceed 2/3. For an

improvement in the effectiveness of accumulation the authors of

present r-port .xamined sav.:=al versions. In first version (4] it was

uroposc.d to hold dowa/retain zae 2irst impulse/mome ntum/puls.,

injected by synchrotron ana ouncard by high fr.quency, in orbit of

injection and to fill emFzy sapararr.ces with the part of Lhe second

impulse/momentum/pulse. As the second was examined the version of

absent separatrices (5], with whicn th_ HF voltage is turned

off/disconncztd after eaca complats r-vcluticn of par-iclas to thA

period, during which nct one kazticle passes through resonators.

Th. first diagram involvas tha close tolerances; therefore tha

authors dwelled on tha secoaa diagram.

Finally, by th. mcst importanz parameter which determines the

quality of proton synchrotron, is the area of separatrix in the phase

space. The area of separatrix must be not more than the area of

bunch, otherwise will cccur rapia D-ae blowup in the phase space.

3. Characteristics of rings ana tneir affect on th7 powerful/thick

part of HF syst*a.

With accumulation of iuaaas in the longitudinal phase space ar.
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possible two methods of fililng of separatrices, that lead to the

varied conditions for tne wort of he accelerating sections.

Tha diagram of r-paatou accumulation is simpl2st, moreover in

this case it is possible to carry out the mode/conditions during

which the voltage and ra-ce of cngnqe in the frequency are retained

constants during entire szoraq time ar the end of which high

frequency is always connected. In this method the area of separatrix

is accurately matched wita tuhe area of the bunches of proton

synchrocron, which makes it possiLle to utilize a sufficiently low

voltage or value Lno-wr, close to unity (for example, 1.5 kV for one

revolution with r=0. 84 and tua enargy, -qual to 25 GeV). In this case

small change I .ntails a sufiaclent large change in the area of

separatrices, which roquiras tne appropriate change in the voltage,

and rate of change in the freuency, if it is desirable to avoid beam

blowup in the phase space.

The calculations of zna effectiveness of accumulation, carried

out by the authors (6, 7], showed that high value of p (>0.5) leads

to th- low effectiveness of accumulation, if we do not increase a

number of impulses/momenta/pulses. However, low value'r leads to the

very long timia of th* accalara&ion of beam.

Diagram of sir gle accumulat.ion. Thq basic goal of development is

1 I i i I 
I

I I i iI_ _ l I ~ m l
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obtaining high effectiveness in tae accumulation at the low value r.

This it indicat-s actualli zhau tan process must be produced on the

diagram of single accumulation wnich consists of three parts.

Buaches ar? seized into the 4ide ones of separatrices, and after

*the appcopriate equalization in tne phase space beam is accelerated

at nigh valu.s A. Then tne area of spparatrix decreases so, that is
* 4t

compared with area of bunc ; in the final analysis of separatrix they

have also sizes/dimensions, as in the case of the liagram of repeated

accumulation. After this high rzezlency is turn<.d off/disconnected.

The total timq of accrlarution (corrc.sponding to Ap/p=4o/o)

deoe ds in 4ssenc4 on initiai voltage. Therefore it is desirable to

salpct sufficiently higa voltage; the upper limit is limited to

economic considerations. witn se.Lected high voltage is facilitated

'hp :qualizaticn of the parameters of -he bunches of proton

synchrotron and intersecting zings.

The compromise decision oi a question leads to the value of

maximum voltage 20 kV cn ona revolution.

Both the methods presentad nigher than of accumulation require

during certain part cf tha period of the acceleration of

comparatively small volzages. The diagram of single accumulation
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make s it possibli to 'i×crU!Se rL.La control ovwr a decreas, in the

voltage from the maximum of up to the minimum. The :ypical values of

maximum voltage compose 20 KV, minimum -75 V and values of dynamic

range -300:1.

By hz.avist problem foz power stag-a and accel-arating cavity is

load current during the use ot zxtzemely low voltaqes in the process

of accumulation. At present tie current of proton synchrotron is 150

mA or 2*1012 protcns per pulse. Th, high-frequpncy component of

currant, caused by short Dunce, s, comprises in the first

aoproximation, 300 mA. In comoination with the usual impedance of

resonator this current will immediately cause in it very high

voltage. Thus, it is nzcassarj to take special measures in order not

to lose check of the beam in the resonator due to stress by current

at the nominal frequency.

Interaction beam- resonator sats severe limitations on the

impedance of resonator.

Works [8-11 3xamiae a ,juLstion about the criterion of the

longitudinal stability cf uniform ineam. Simplest and useful for

recommendation for the development of equipment of rings are

rapresentpd by E. Keyl and U. Sneli [12]. Investigating the

paramfeters of the intirsect-na riags, they derived the condition of

i , - .---. ~ ~ -
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the stability

10 ohm

wher_ Z - gaen-ral/aommcn/'coca± ._mpedancs [9], and n - numb;r of mcd .

This limit barely dqpends oa "&a pnase anglz. of impedance.

Consequently, the dituning of resonator with the permanent shunt

imppdance is bare.ly effective.

After using stability coaditzon to the accc.lerating section,

which works on the 30th harmouic of frequency, we will obtain

limitation to the general/common/total impedance

72 %300 ohm.

Stabil'.ty conditicn snows, Desides thi fact that the dependence

of the general/common/total impedance of the accelerating section on

the frequency can be essentLal over a wide range of frequencies,

beginning from thr frqguency of ravoluticn to the higher harmonics.

Page 130.

4. Accelerating cavities, tneir connections with the power amplifier.

Questions, connected wizh tne load with current and interaction beam-,
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resonator.

In th; ring arl. utilized sv~a accelerating cavities, placed in

tho s,3parate octant each. Six of taem actually are intended for the

accumulation, and by the seventh tor the experimentation.

In this circuit maximum voltage 20 kv is divided into six equal

parts according to 3.3 xV to tne risonator. Since amplifier must

providze work in tha wide dynawic range, more advantageously utilize

i-- in the mode/conditicns of class A. For a period of time of

accumulation total variation of the frequency is very small: it is

lass than 10- 3. For changing zhe averaga/mean value of energy of ring

is required a larger change ia taa frequency. With a decrease in the

enrergy of beam to 3.5 GeV it is necassary to change frequency to

3o/o. Therefore quality Q of accelerating cavity is selected as being

equal to 180. In this case tha adjustment of resonator with the aid

of tha mechanical capacitor/condenser with the remote control becomes

not very complex problem.

By most serious prcblem is strong load current. According to

condition of stability 12-I th. maximum permissible impedance,

determined by the -ffect of beam on the resonator, must be 50 ohms.

on the othpr hand, shunt impedance must be possible higher in order

to ensure the optimum energy consumption from the source of qF power.
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Conseluently, the introduction or strong fading to resonator Joes not

remova s-:ess by current.

Coaxial cavity is adjusted capacitor constant with the total

capacitance of 1000 pF, placed across the accelerative slot (see Fig.

4), and variable/alternat.Lnj capacitor. Each resonator is supplied

from the powpr amplifier, loadau on th: shunt impedance 3 kiloohm

(Fig. 1 and 2). For the supply of six resonators with the voltage 20

kV on the revolution require 11 K4 of power. In this case the

:fficiency is less than 220/0. As the output tube of power stage

serves tetrode 4CWOOAELM.. Tae driver stage consists of six

connected with the parallel power tetrods 4SKh35OA; the seventh lamp

$S'Kh350A is utilized for zn'a compensation for beam cur:ent and in the

cathode of output tube.

The low value of common impedance is achieved by the

introduction of strong negative feedback over entire range (Fig. 2).

This determines the worK or amplitier in the class A, since the low

valuea of the impedance of source must be ensured with a small voltage

of high frequency. Fig. 3a-c gives the experimental dependencas of

impedance on frequency Z=F(f).

The system of "feedbacr 2jdes it possible to obtain the necessary

thre3hold value of the sabil.lty of beam. For guaranteeing the

reliability into the systbm 1- added the sufficiently complicated

element of the compensation for seam current.
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Page 131.

In this case signal, hciy Loj .he beam by broadband sensor, fall

with proper phase and ampiizuue into the driver stage of high-power
121 < 5

tube. The valus of -quivalianz imaaanc3 is x ohm to the r:.scnator.

Although the resonators must not possess too high a resistance

at fr3quencies higher tnan frajutncy of acceleration, nevertheless

the higaer harmonics it is necessary to damp with ferrite rings which

form the integrating part capacitor constant on 1000 pF (Fig. 4).

Since thp quality of rescaator Q oy th- ferrite sharply falls at the

frequency of higher than tne uual trequency of acceleration, these

frequencies substantially irfect tne operation of resonator. On the

oth.r hand, thq attenuation is necessary for the stabilization of

feedback loop.

The construction/desiga of resonator and power amplifier they

are developed on the modularizea circuit. Power amplifier simply is

detached from the resonator aaa consists of several sections of

plunger type.

Resonator is made dismouataola/relase lengthwise and can be

opened for the access to vacuui caamber without the deterioration in

vacuum.
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Fig. 3. 1Impedance of resonator in the function of frequency (KHz). A)

0. 5-4.5; b) 5-17; c) 19.1-78.

Key: (1) . MHz. (2) . ohm.

5. System of the- missing separatrix.
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As .-- was noted Farlxr, it ib necessary co take measures so

that would not occur blurr ags of separatrices in thp phaseA space,

until they were filled with protcns of the injector. Therefore HF

system must creata high-freuacy gate. making it possible to shape

I chain/network of 20 full waves waich follcws the daad time of 10 full

waves.

Page 132.

The maximum voltage which can oe obtained from the power amplifier in

this mcd /conditions, is limitad to the maximum current of output

tube anl to ratio R/Q ci resonator. Taking into account that ths 1st

and 2nd separatrices can soaewaat De distorted with

inclusion/connection and discoanczion of voltage, syst.m must creats

trigger pulse with an amElituaa of 250-500 V of on one revolution.

Fig. 4. The gen.ral view of tne elements/cells of tuninq capacitor.
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Discussion.

V. A. Sich:v. 4as ncr dxamlned in CERN for dsaling with load by

beam thi vqrsion of the coustruczion of thq final stage on th

diagram of cathode follower?

F. Ferger. Yes, but w# arrived at the conclusion that this is

much less e.conomical than rne usa of a dep negative feedback. With

the olitput on th3 cathcde foliower It is necessary 2 times of more

electron-tube power how'ta-ze is, since cathode follower operates

furthermorq with th3 high i.put vol.tags, which composes virtually

l10o/o of voltage, whicn we wanc to transmit through it. Moreover,

cathode follower with suca large voltages it is difficult to

stabilize, and it greatly casily converts/transfers into the

mode/conditions of generation.

I. I. Sulygin. Say, if you please, in the hall of circular

accumulator/storage in ycu are left all elements/ce.lls of HF

gqnerators or only output stages?

F. Ferger. In the circular nail only 3 cascades/stages: exit,

exciting and prtexcitiny. All cacades/stajes are carried out on thR

hard tubes. We tried to avoid the use/application of semiconductor

!,

o;~ -
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and integrated circuits in these devices/equipuent. On the other

hand, w . bioo ht- the inzrens'ty oi radioactivity in th-. ring must be

very small, since the ring reiiea on the minimum of the losses of

beam in vacuum chamber, ania we wi.JL not suffer from the radiation.

A. A. Komar. Is it possiD.Le it will change anergy of protons in

the rings in order to trace taa onergy iepsndency of the measured

sections?

F. Ferg-r. Energy can oe wili be changed from 10 to 28 GeV, and

-then from 3.5 to 28 GeV, wnicii will make it possible to overlap

intirg range- of th-a available en% rgiaes.

A. A. Kolomenskiy. How is explained the selection of energy 15

GeV for the works on the adjustment of rings?

F. Ferger. In this rcy.on oi energies it is not necessary to

introduce magnetic field.
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130. On the identificaticn of the parameters of the accelerating

system of large electrcnic circular accelerator.

S. A. Heifetz.

(Y 3ravan physical instizute).

One of the main difficulties which must be overcome during the

creation of large electronic circular accelerator (BEKU), is the

compensation for energy losses to the synchrotron radiation. The

value of these losses by particle in one revolution Uum is

proportional, as is kncwn, the fourth degree of energy I of particle

and first degree of the curvature p'- of its trajectory. The

accelerating system must ensure both covering these losses and

strictly acceleration. An energy gain in one revolution U is

determined by the relationship/ratio

t-wi T .. 2=& T0FI-d'+ 2dEE - E2/E2 (1)
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where E-e4op, (1-6)H 0 - maximum value of magnetic field; -

frequency of magnet pover supply; 6 - ratio of the constant component

of current in the magnet windings to amplitude of

variable/alternating, ?=Lo/C - time of the access of resonant

particle; Le - length of its orbit. The total amplitude of

accelerating field on revolution Vo-(&Euu+U)e.aosp 6 defines both the

required power of high-frequency system and magnitude of los ,es of

particlss for the time of acceleration. Its value, and also values

T,, frequencies of accelerating field *f, and number of

accelerating gaps k must be selected most optimally, so that for the

prescribed/assigned (snall) fraction/portion of the lost particles

the average power <P> of high-frequency oscillator would be as less

as possible,

Let us leave aside the asserting itself immediately output,

which consists in the creation of system with the large porosity and

not so much due to a reduction in the average/mean intensity of the

accelerated particles, as keeping in mind the desirability of the use

of a diagram with multiplication [1). With the large porosity the

work in the mode/conditions of multiplication would become very

complex problem, since secondary particles it would be necessary long

time to somewhere "store".

The basic parameters of BSK0, which will be utilized for the

- . - - - . ." . . . . . . . . . . . -
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numerical estimations subsequently, are given below.

Maximum energy - 50 GeV.

Radius of curvature - 720 m.

Orbit circumference - is 7.55 xa.

Logarithmic derivative a - .4*10 "'.

Number of accelerating gaps - 28.

Permissible relative enezy dissipation (as a result of the

correction of dependence Q, on E) - lo/0.

Permitted of the field of the lost particles - 5O/o.

1. Estimation of the lcsses of particles.

The losses of particles in the phase oscillations occur in

essence as a result of quantum fluctuations of radiation/emission.

Precise calculations of losses are complex problem, in particular lor

the nonlinear vibrations. Such calculations in general can be carried

cut only numerically, which impedes the use of results of calculation
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for the selection of the optimum parameters of the accelerating

system. Obtained in this case precision/accuracy of estimations is

hardly better than obtained with the aid of the approximation

analytical formulas. Fcr thLs reascn we will utilize the simplest

approximation formula for fractioa/portion n of remaining in

acceleration mode particles [21:

t
n(t)-ezp- A _7 A

0 i~A (2)

Here Aq., "A- permissible and root-mean-square amplitudes of phase

oscillations; A - coefficient, which considers the redistribution of

the decrements of damping oscillations due to radial-phase

connection/communication. In the strong-focusing synchrotron without

the attenuation P=O. This value lat us accept for the estimations.

Formula (2) is valid only when velocity losses it is small,

i.e., when bulk of particles is located on the bottom of deep

potential pits. Formally this condition is observed with fulfillment

of inequality Ao/T1Ve*., Furthermore, it is obtained for the linear

oscillations, for which only and has sense A-2.

As shown in work [2], formula (2) can be utilized, also, for the

large nonlinear vibrations, if only for A' to accept the value,

which is obtained by tbe linearization of potential well,

A(6)t 2 4 (i To(3)ji
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However, are possible conditions, with which A29 is determined not by

phase oscillations. For example, this situation appears, when the

effective boundary of the asflitude of phase oscillations is

determined by the allowed value of the deviation of the frequency of

transverse vibrations due to tLh divergence of their energy from the

equilibrium.

Let us find the values of the equilibrium phases for which the

permissible square of auElitude, determined by transverse vibrations

()). _-2i .8822 a.2'(E/E)' / 2  (4)

(wheren2.2sf. -(,JE .+U)tq /TOE - frequency of phase oscillations)

becomes equal to (A .)m)(se (3)).

Page 134.

After equating relation .( 9o. ./. to unit, let us find that for

the values of phases less 933 determined to the transcendental

f eiquations

2z/,2]

(A Ro)>(Atn entering in (L4) and (5) value (4EIE)9,., is determined by
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the standard deviation ot numner 'i. of radial betatron oscillations

and is proportional AQ.,/Q,. For the parameters of the accelerator in

the high-energy region t-' oa01/( c/50) accepted (for the standard

deviation of a number of radial oscillations AQ 1 ,1,and without the

account to the correction of the dependence of frequencies on the

energy) . For P, - 50 Hz this gives 4S- 0,2. However, for 90o/o of

correction of the dependence or frequency on the energy (for

(E/:)9., a o,o) ge 1..

In equation(s) a-(AEU3A) e./2sd1To-, and M_ 2=flt'

The root-mean-square amplitude of phase oscillations for the

accelerator without the attenuation is approximately equal to [3]:

A- 255 T0 % e2(E0/ mc2) ftg (PS?(&E S)EE;(6)

For evaluating the losses of particles let us accept in accordance

with (51 , which Ap,1, is datermined (&E/E).. In this case we consider

that &EuAYU):

where

a- Urc0 (,&E E9t erp/235atg (E.1 M02)2.

q4fter substituting this expression in (2) and after passing in to

integration for x. we will obtain the following estimation of the

fraction/portion of the remaining after particle acceleration:

64 e2 (E01 /mc2) 3  X

nMe.1IPj 3 M2 1 4To t'eu8)}
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As is evident, in this case of loss they depend neither on from

V.- For parameters (AE/E=&Q/Q) accepted n=0o28 for ;f- 50 Hz; n=0.73

for - 200 Hz and n=0. 85 for F,,-400 Hz.

It is interesting tc also find the estimation of losses for the

case when the losses of jazticles.define the boundaries themselves in

the phase oscillations (I.e. AI -fA(d) )

In this case

where

(8)
.25 To me2(Eom ') / 2 mep(AE ,/m, 2)E.Eo

it does not depend on energy.

I The fraction/portion of the remaining particles is equal to

In eap{- 5(&E )o  9)

Table 1 gives the results of estimation according to formula (9)

of the fraction/portion of the remaining particles (6=0.335.10t

Hz-').

As can be seen from (9), the losses of particles in this case depend

.. . -, ,...... . . ~

$ 1 -_ 
_. ._ _...; +-+ ..,.:

I. :+ •++
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on relation (t 90 - 5 )/. and zbercsore, from the point of view of

losses, to it is more advantageous select the smallest possible

frequency of accelerating field. Having in mind also an increase in

shunt resistance a,, with an increase in frequeo--y (Rw'T [5" ), it is

easy to understand that in this case are optimum values a: and '.

providing as the minimum of tae power of oscillator, so also

retention/preservation/maintaining the prescribed/assigned

fraction/portion of particles in the mode/conditions of acceleration.

The decreases ot fraction/portion of the lost particles it would$1 be possible to attain by an increase in the repetition frequency, but

this leads to an increase in the power of HF oscillator (appropriate

results for the brevity we onit). Output could be also an increase i

(decrease Q%). However, in this case can become substantial the

effects of the discreteness cf acceleration [4].

:!
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i ITable 1.

r so 200 400

1,2'109 0,32 0,75 0,87
0,6.109 0,95 1,0 1,0

Key: (I). Hu.

2. Estimation of the optimum frequency of accelerating field.

Above it was shown that in the case when the losses of particles

define the boundaries themselves in the radial oscillations, i.e.,

(AEIE)on, these losses do not depend on the frequency of accelerating

field fV" Sice Rw-,f [5 , it is more advantageous to select as

possible more the high frequency of acceleration.

However, in the case of compensation Q.'from E, which can be

required for decreasing the losses of particles, effective boundary

cat. prove to be (A'6) |(4). In this case increase N of higher thsn

certain optimum value again leads to an increase in the power of

oscillator (for the prescribed/assigned fraction/portion of the

remaining particles).

Optimum frequency * and phase ' in this case can be found

-
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from following relaticnships/ratios (6):

where B is determined ty relaticnship/ratio (8), and (A(d) M, is

determined from relaticnsaip/ratio (9) through the

prescribed/assigned fraction/portion of the remaining particles n.

Table 2 gives the optimum values of the frequency of

accelerating field and its wavelengths, found for the values

a=4.*.IT' and n=0.95 (B=0.335.0-" Hz-1). The obtained wavelengths

are too small in order to thinx about their practical use. However,

this it indicates, in what range to it is more advantageous select

the frequency of acceleration.

Page 135.

3. Given above considerations, in particular that that optimum

wavelength of accelerating field proves to be so/such small, suggest,

that should be thoroughly studi a possibility of design BEKU as

waveguide synchrotron [6). The definite advantage of this solution is

the decrease of orbit cizcumference by 30o/o ("5 hm instead of 7.5

km) or, at the same length, an increase in the curvature (and,

consequently, the decrease of the emitted energy) to 50o/o.

Fu-thermore, in this case drop off all effects of the discreteness of

acceleration.-



Table 2.

1~01

f 9r u A!V P "V 1010, ,- 1CM

2 831,08 2
150 7,0,3 1,20 2,,51100 6,21 1,36 22

S200 5,37 1,58 1,9

400 4,50 1,88 1,6

Key: (1) . Ha.
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Discussion.

I. L. Hints. To me seems doubtful the advisability of

positioning/arranging the accelerating structure within the

small-aperture chamber/camera. This chamber/camera is singularly

advisable. Therefore I think that to it is more right place the

accelerating structures in gaps betveen the magnets.

-.. .-ij
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S. A. Heifetz. The estinatons of the optimum wavelength of

accelerating field lead to the such low values, that there is the

hope to place the accelerating structures within vacuum chamber

without an increase in magnet opening.

A. N. Didenko. I would want to sake the following observations.

1. Examining questica dbout use of septate waveguides as

accelerating systems of cyclic accelerators, it is necessary to

investigate question about eftect of all components of high-frequency

field, in general case which are changed concerning radius and height

of waveguide, to stability of action of particles. The calculations,

given by us for the project of cybernetic accelerator on 1000 GeV,

shoved that if we utilize the waveguide systems of the t .e of

Shnell, which are double-row staircases in the circular waveguide,

then the presence of the transverse components of high-frequency

field leads to movement of operating point in the prccass of

acceleration within the limits cf the selected rhoab of stability

This shift can be such, that in the process of acceleration the

operating point can the secants, which correspond to the resonances

of the 3rd and the higier orders. This effect can be strongly

weakened, if adjacent waveguide sections are turned relative to each
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I other on 900.

2. Unfortunately, S. A. Heifetz's report does not contain

concrete/specific/actual C.ta, but his conclusions are too

general/common/total and diffuse. I consider that data on the

Idevelopment of the waveguide accelerating systems for the cyclic
accelerators, obtained at the present time in NXI f

Scientific Research Institute) nuclear physics TPI and gIIl, even now

make it possible to make the more substantiated confirmations apropos

of advantages and disadvantages in one or the other system and

shortly to develop the design of the waveguide accelerating system

for the proton or electronic cyclic accelerator to the completely

specific energy.

Yu. F. Orlov. The conducted investigation shows that the use of

vacuum chamber within the magnetic clearance as the waveguide in the

large electronic circular accelerator to the energy 100 GeV is

completely inexpedient. I will indicate main reasons.

1. In version of magnet accepted we obtain large reduction of

prices of project due to saal clearance (2-4 cm), small thickness of

framework and total light weight and reserved magnetic energy. Cannot

be indicated the version of the retarding structure, which would not

lead to a considerable increase either in the clearance or the length
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of magnet, or reserved energy.

2. In version accepted vacuum chamber within magnet is absent.

The chamber/camera, carried out as waveguide, will cost too dearly.

3. In version accepted is not required fine vacuum within magnet

(it is sufficient 10-4-10-3 ma Hg). chamber-wave requires obtaining

vacuum -10-6 mm on the very large longth, which will also very raise

in price project.

4. At wavelength -10 cm optimum length of accelerating section

taking into account beam load would be -1 a, that many times of less

than length of magnet. It would be necessary to introduce HF power on

each meter of the length of magnet, which by itself will reduce

magnetic length.

5. In version accepted we wanted to forego or almost to refuse

tunnel for magnetic system. If we utilize chamber-waveguide, then

hopes for the magnet, which has the form of cable (magnet-cable),

prove to be unrealizable.

6. In version accepted overall length of accelerating gaps is 3

km at length of magnets 17 km. Power, which exits with the

radiation/emission, the order of the half entire power of HF system.
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Therefore chamber-waveguide gives actually advantage neither in the

length of ring nor in power ot BF system. Transition to the

superconducting linear accelerators gives the overall length of HP

gaps/intervals -100 a (3 GeV/revclution) and will increase

efficiency.
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131. selection of the fundamental characteristics of the accelerating

system of proton synchrotron in the waveguide sections.

0. A. Val'dner, Yu, A. Khlestkov, A. V. Shallnov.

(Moscow physical engineering institute).

The identification of the parameters of the accelerating system

depends on the series/row of the competing factors. Such parameters,

as radio-frequency, synchronous jhase, equilibrium energy gain per

revolution, etc., affect the characteristics of the processes,

occurring both in the ring and in the accelerating system. In this

work is made the attempt to sum up the basic laws, which are of

interest. As the accelerating system is selected the broadband

nonreadjustable system in the waveguide sections, which makes it

possible to obtain higb efficiency in the range of frequency

rearrangement ( 1)

1. Large ring.

Let us examine some characteristics of the large ring of proton
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synchrotron to the superugh energy, which must be taken into

consideration during the determination of the parameters of the

accelerating system.

The maximum number of particles in orbit, determined by

permissible Coulomb frequency shift of betatron oscillations (in the

case of equality the frequencies of the booster and ring and

full/total/complete filling of orbit with clusters)

N 6',l1_ 1

where Ini - index of decrease, a - radius of bean upon the injection.

Let us note that N 0c does not depend on oscillator frequency w and

most strongly it depends on a radius of bean upon the injection (as

Number of synchrotron oscillations per revolution [2]:

so R' 3 T (I Sa~ (2)

where

Permissible energy and radial scatter of particles [2]:

_A V.A -; _I
R 2 K (3)

M,c~~,Il-V82 21 K~r ~ (4)

It is most strong (3) and J4) depend on synchronous phase (as

which can affect selecticn f ),from the point of view of the 9swhic

%1_ _ _ _ _ _

Ki
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in jection.

The maximum intensity on the synchrotron oscillations, connected

with the disturbance/breakdown of the mechanism of phase stability,

depends on density distrioution of space charge in clusters [3] for

the even distribution
C 1N"Vs Y (s)

and it does not depend cn irequency, and for the sharply

collapsible/dropped to the edges of cluster distributions

it does not depend on a radius of clusters and more strongly it

depends on Is.

The optimum time of the phase correction must be of the order of

the half the period of synchrotron oscillations [4]:

A3.-V. K 2R '&l I (6)

where V0 - amplitude of accelerating voltage.

2. Accelerating system.

IV'
Efficiency I-1 and integral shunt resistance ( V the

characterizing effectiveness uses dF power and length of system (1]:

7 1a m• " m m m••m _ _ _ m Im m mm m wm n m m m m m



DOC =80069311 PAGE

A (-, )8  m .=.¢ cos~g,,a , (7)

12:,9R 1 n" 02 I 2<= ) = no' oSsw (8)

where 'Rnr. - coupling resistance of the retarding structure, L.. _ the

total length of system, A(x, y) - the parameter, depending on the

full/total/conplete fading (x) and the slip of particles (y) along

the phase relative to wave at the length of section L ( 3], ." - a

number of sections in orbit. it is evident that I and A most

strongly depend on oscillator frequency (as w2), and I does not

depend on resistance of beam anct on the total length of system.

The ohmic losses of HF power are determined by the parameter of

fading : A P Taking into account that total required power P.
# az

depends on the efficiency of section (7), for the ratio of total

losses to the power of beaa.Ps-I Vs we will obtain [I]:
A -1 co--P " ti. - V . I-'1fi(M"t4) L-1 W - 2 . (9)

It is interesting that with the fixed/recorded efficiency the losses

decrease with an increase in the frequency.

Page 137.

The instability of the parameters of those accelerating sections

(2requency a of the arbitrary gecaetric dimension of section I and
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temperature tO) leads to a change in the amplitude of the

accelerating stress/voltage dua to the appearance of supplementary

slipping and to the mixing of synchronous phase 6%. Counting

divergence 6w, 61, 6t0 mutually independent, for the case when in the

nominal rating they will achieve the synchronism (slip is absent), we

obtain:

4L 2~ 1  (10)

6~wtg'y~q CS fe( ate A)1 (12)

where - derivative of the frequency of the vibration mode of

the accelerating transmission zode according to size/dinension of 1.

Let us note that relative tolerances in size and frequency are

proportional to w. and A&-, whereas absolute allowance 6w does not

depend on frequency, and ,

The effect of the "break of impulse/momentum/pulse" [5] can

occur by asymmetry strength of beam or accelerating section. The

multisectional character of tke accelerating system, the large

duration of acceleration impulse and the recurrence of passage by the

beam of the accelerating sections are favorable reasons for the

development of this lateral instability. However, the presence in the

proton synchrotron of the focusing magnetic system, automatic control

on the beam they can prcva to be the positive factors, which decrease
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the effect of the multisectional character.

For the single accelerating section the value of the threshold

intensity at which the inczement oi build-up/growth is equal to zero

(5], is proportional:

Nrup " O a8 L. (1 Co 03)

In the multisection accelerator the divergence of the center of

gravity of clusters in the field of the induced or transverse wave

can build up until clusters hit to the walls of vacuum chamber

(critical current). "Effective length", at which in the cyclic

accelerator will be the break, is, obviously, the length, which

corresponds to the half the period of synchrotron oscillations (time

of the correction of the position of beam). From the qualitative

considerations:

JC (14)

where n. - number of sections at "effective length" of accelerator.

Those enumerated and series/row of other factors, which are

determining the identification of the parameters of ring and

waveguide accelerating system, are assembled in the table. Is

especially isolated qs and w, since they most strongly affect the

properties of acceleratox. Points 4nd circles designated the factors,

which require increase We and i. (next-to-last column) and decrease

Ys and u (latter/last coLumn). For example, from the point of view

I;I
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of naxiaum intensity and allowances to the parameters of accelerating

sections 93 is desirable to increase, and for decreasing radial and

energy of scatter of part.cles, increase in efficiency and integral

shunt resistance of the accelerating system - to decrease 99. An

increase w is desirable from the point of view of an increase in the

frequency of synchrotrcn, the decrease of scatter in a radius and

ispulses/momenta/pulses, increase in the efficiency and shunt

resistance, decrease of transverse size of sections, ohmic losses and

increase in the relative allowances for the precision of

manufacturing the accelerating sections.

I
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Page 138. Table. Basic factors, determining the identification of the

parameters of the accelerating system.
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Key: (1). Factors. (2). Parameters. (3). Maximum intensity,

determined by betatron ozcillations. (4). Fteguency of synchrotron.

(5). Permissible variaticns along impulses/momenta/pulses. (6).

Permissible radial scatter. (7). Amplitude of betatron oscillations,

which corresponds to eittance. (8). Acceptance of accelerator. (9).

Amplitude of accelerating voltage upon injection. (10). Time of phase

synchronization upon injection. (11). Adiabatic damping of

synchrotron (radial-phase) and betatron oscillations. (12). Maximum
intensity, determined ky syncarccron oscillations. (13). uniform

density distribution. .14). s-arply collapsible/dropped density

distribution. (15). Efficieacy of accelerating systea. (16). Integral

shunt resistance. (17). Aperture of span channel. (18). Transverse

size/dimension of secticn. (19). Ohmic losses of HF power.

(
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(20). Allowances for the stability of the parameters of the

accelerating section. (21). relative. (22). absolute. (23). Threshold

intensity due to "break cf iapulse/momentun/pulse" in single section.

(21). Critical intensity in multisection accelerator (25). Duration

of transient processes. (26). Vacuum volume and weight of metal of

accelerating section.
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Page 139.

132. Los Alamos meson-producing cyclotron.

E. A. Knapp.

(California university, USA).

1. Introduction.

The construction of new eSjerimental installations for obtaining

the information about the nuclaus and the elementary particles

pursues the target of the expansicn of experimental possibilities in

two completely different directicns. On one hand, the construction of

accelerators to ever higher energies brought fruitful results, after

making it possible to reveal/detect many new phenomena which thus far

still remain incomprehensible. Another possibility of expanding the

boundaries of the regicn of investigations, determined by the

intensity of beam, available fox the experiments on the accelerators,

begins to be utilized cnly now, Only practice will make it possible

to give response/answer to a question, will expand an increase in the
intensity of the beams cf the pcssibility of obtaining the new

information about the nucles and the elementary particles to the
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same degree as an increase in the energy. Higher intensities can be

utilized for the investigatcan in the regions of physics,

unattainable with the less intense flows, by two different methods.

First, the higher intensities of ean make it possible to attempt to

observe the very rare events whose probability at the smaller

intensities proves to te too small for their cbservation. In the

second place, high intensities can be used for increasing the

resolution in the experimenr, which has as a goal the detection of

the effect of the fine structure which can contribute to more a

fundamental understanding of the phenomenon being investigated. An

increase in the intensity to the greatest extent expands the

possibilities of experisentation, in which are utilized secondary

beams, for example, beams r - meson. At Los Alamos meson-producing

cyclotron (LAMF) the intensity of proton beam with the energy 800 MeV

will be increased to four orders. Energy is selected from the

considerations that along with the intense primary beam to obtain the

intense flows of secondary particles, namely pi-mesons, 0- mesons,

which are formed as a result of their decomposition/decay, and also

neutrons. Average/mean intensity of proton beam in 1 mA was selected

on the basis of the following considerations. First, contemporary

level of development of technology and available experiment make it

possible to work with such intensities in the sense that heating

target, induced radioactivity and requirements, presented to the

protection, do not represent serious problems.

-" . ,U - . - .. .. . .. . .. .... . ..'... ... ....,'
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Fig. 1. Aerial photograph of construction of LAMP.

Page 140.

In the second place, this intensity of beas, from the poitnt of view

Of the opened/disclosed iossibilities of experiment, they are

completely new region. Another being of large interest parameter is

macroscopic duty factor whaose increase fxom 6 to 12o/0 corresponds to

improvement almost to two orders in comparison with the possibilities
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Cf contemporary linear accelerators both proton, and electronic and

provides exceptional universaiity from the point of view of

experiment. The basic parameters of linear accelerator LAMF are given

on page 148.

2. General/common/total description of the construction/design of

accelerator LAlF and state of its construction.

Main accelerator LAEP consists of three parts: injector on 750

key; the supplied of it drift-tube linac (of Alvarez's type), of the

worker at frequency 201, 25 MHz and linear accelerations with the

variable/alternating energy to 100-800 Ne?, working at the frequency

805 MHz. The overall length of accelerator is 840 a. Fig. I shows
aerophotography of construction, taken/removed during June 1970.

The complex of injector will consist Cockroft-Valtones their

three accelerators whose sources will give the positive ions of

hydrogen (H+)", negative icns of hydrogen (H-) and polarized negative

ions of hydrogen [1]. Provision is made for the system of

transportation and bunching of beam, which ensures the possibility of

simultaneous injection into the section of the type of Alvarez of the

beams of positive and negative icns or positive and polarized

negative ions; the construction/design of linear accelerator provides

for simultaneous acceleration of both beams and their separation by
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the beam-separation system. The possibility of the simultaneous

acceleration of positive and negative hydrogen ions provides the high

universality of accelerator in the sense of the possibility of

simultanecus experimentation in several beam areas. the magnetic

separation of the beams cf positive and negative ions, and also

use/application by correspondingly of the mixed foil for the

stripping of the negative ions, which are determining the evittance

of the obtained positive ion beam or which create several

supplementary proton beams, makes it possible to ensure the wideselection of the conditions fox experiment. Fig. 2 shows the

plan/layout of injecticn complex and system of the transportation of

beams, intended for the accomFlishment of this objective. At present

the high-voltage rectifier of Ccckroft-Walton, ionic source and

system of the transportation of the positive ion beau of hydrogen are

found in running order; satisfactorily moves work on the equipment

installation for obtaining the beau of negative hydrogen ions. At

present are conducted measurements for the purpose of the

determination of the exittance of beam and its energy uniformity. As

a result of preliminary measurements were obtained very satisfactory

characteristics. At the entrance into the first tank of a section of

Alvarez's type were obtained the values of emittance less 1w ca mrad.

The difficulties, connected with the limited service life of source,

it was not noted. In Fig. 3 it is shown photograph of injector -

Cockroft- Walton's accelerator. 7

7-_
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The drift-tube linac on 100 MaeV has the new construction/design,

which promises to be considerable improvement in comparison with the

accelerators of such type, constructed several years ago. In this nev

system, developed in recent years in Los Alamos laboratory (2], for

stabilization of the magnetic field and elimination of the phenomena,

connected with the bean load, transition effects and detuning of

resonators, are utilized resonance dowels,
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Fig. 2. Injector and system of the transportation of the beam: 1 -

source of the polarized ions; 2 - source if; 3 - source "-;. 4 - the

deflecting magnet; 5 - quadruplet; 6 - magnet for rotating the

direction of polarizaticn; 7 - triplet; 8 - shaper of beam; 9 -

bunch~r; 10 - section of accelerator with the drift tubes.

Key: (1). In the feet.

Page 141.

They provide a change cf the characteristics of the propagation of

the accelerating wave in the resonator due to an increase in the

group velocity from zero to high values, as a result of which, for
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example, the sensitivity of field distribution to the detuning of

resonators descends more than 200 times in comparison with the

sensitivity of usual rescnators. The high group velocity provides

also the uniform build-up of field in the resonators upon the

. inclusion/connection or during other transient processes. The linear

accelerators of old construction/design were distant from

satisfaction of this ccnditioa.

the supply of these resonators is accomplished/realized from the

triode amplifiers RCA7835, waicli work at average/mean power 430 kW,

also, at the peak power of 3.0 NW. The peak power, indicated above,

is completely usual. However, average/mean power consumption is

completely unusual, and for the satisfaction of the stated

requirements was required the careful studying of construction/design

[3]. The unique special feature/Feculiarity of the high-frequency

amplifier, arranged/located in the tank accelerator, is very precise

amplitude control and Fhase of field, provided by the

construction/design of system. Theoretically because of the very good

characteristics of the Eropagation of energy in the tank of

accelerator field measurement at one point makes it possible to

determine its amplitudes and phases in the entire system. The

thoroughly thought-out ccnstruction/design of the system of the

feedback, intended for the control of field by means of a change in

amplitude and phase of excitation, to ensure dynamic control of these

I,=
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parameters during the higa-frequency pulse with the

precision/accuracy is better than one percent in the amplitude and

one degree on phase C 4o

The first section of section with the drift tubes to the energy

5 MeV is already led to the working order; on 10 June, 1970, is

obtained proton beam with tAe energy 5 MeV. At present this section

is utilized for the tests of the high-frequency power-supply system

and injector in process of which slowly are removed technical

defects. The first tank cf linear accelerator to the setting up of

covers/caps is shown in fig. 4. Fig. 5 shows the same tank, installed

together with the system of the transportation of beam. To the autumn

of 1970. it is proposed to obtain the large part of the data about

the characteristics of this system. the plans/layouts of construction

provide for obtaining prcton bean with the energy 100 BeT during July

1971, and at present not evidently any obstructions and to their

execution.

The section of linear accelerator LINF, which provides the

acceleration of protons from 100 to 800 ReV, it has the unique new

construction/design which, as they assume/set, it will ensure

exclusively good characteristics both in the sense efficiency during

the conversion of high-freaeacy energy into the energy of bean and

in the sense of the precision/accuracy of timing adjustment of



DOC =80069311 PAGE

electromagnetic field in accelerator (5, 6]. At the basis of the

construction/design of linear accelerator LANP lies/rests the system

of resonators with the lateral coupling elements, shown in Fig. 6. in

this &stem the sequence of the accelerating cavities,

arranged/located along the axis/axle of bundle, is connected with the

coupler cavities, arranged/located beside the axis/axle of bundle. In

the operational conditions (mode r/2) these coupling elements are

excited very weakly, which provides the insignificant dissipation of

high-frequency energy, but is formed the mechanism, which ensures the

very rapid energy transfer with the transient processes in the system

or the emergence of the imbalance of field. The action of such

resonators is analogous with the action of resonance dowels in the

drift-tube linac, and stabilization is compared with attained at the

use of dowels. The measurements of their shunt resistance showed that

in this case is reached the gain in the efficiency almost four times

in comparison with the resonance wave-guide system, loaded with

diaphragms, and an increase in the stability of field 200-500 times.

• Ie•fs• m a a
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Fig. 3. Injector of Cockzoft-Walton's type.
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Fig. 5. First tank of accelerator of Alvarezes type in installed

state with line of transportatica of beau.
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Fig. 6. Structure of accelerator with lateral

connection/comunication: 1 - accelerating cavity; 2- coupling

resonator; 3 - resonance dowel; 4 - resonator of

connection/conaunicatien.

Page 143.
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The high-frequency system, utilized for the supply of this part

of the linear accelerator LAU, is also uniqua development. Its basic

part is klystron with power 1.25 MV with the modulating anode in

power 160 kV, which is the greatest achievement in the region of

developing the high-power tubes for the supply of linear

accelerators. This lamp works in the mode/conditions of linear

amplifier, moreover the sodulating anode is utilized only for

including of lamp and its discomnection, but not for the control.

Fine adjustment of power output and phase is accomplished/realized

due to modulation of radio-frequency drive. Were made the very

careful measurements of the characteristics of these amplifying

5 }tubes, which makes it possible to optimize the construction/design of
the feedback of the control system. Conducting these measurements

required the developments of the precision high-frequency measuring

meter which was not prcduced by industry [8].

At present the prcduction of resonators with the lateral

coupling elements of that initiated of approximateli 25o/o of their

total number is already prepared, and is conducted their assembly in

the tunnel of accelerator. Fig. 7 tihows the photograph of the tunnel

of accelerator with the installed part uf the linear accelerator. The

delivery of the first series sample/specimens of klystrons is

expected during September 1970. Is completed the production of two

pcototypes of high-frequency systems; is initiated the production of
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the systems of modulation, it is assumed that the series

sample/specimen of high-frequancy system will be finished/prepared

for the tests in the fall of 1970. The prototypes of high-frequency

systems were used for the longevity tests of klystron amplifiers, at

present 10 klystrons studied under high voltage 22000 hours without

the emergencies; for one of thn during 7000 hours of work it was not

noted any signs/criteria of daterioration in the characteristics.

The development of the convenient for the mass use method of the

adjustment of resonators and the subsequent tests of. -these resonators

with the high loads were the most labor-consuming work on the

investigation of accelerative systems, carried out in the course of

the latter/last six months. Although the allowances for the systems

of resonAtors with the lateral ccupling elements are not too rigid,

is required the very fine tuning of general/ccamon/total frequency

and the very precise knowledge of the medium frequency of the

matching elements/cells. The general/common/total leading principle,

accepted by the autumn of last year, lies in the fact that for

achievement of the reproducible results during the adjustment of

10000 resonators of which consists the system, is necessary the

method of the adjustment of individual resonators, which ensures the

appropriate precision/accuracy.

-I _
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Vas completed the develcpment of equipment for the adjustment and the

corresponding procedures, and after several false starts was begun
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the series adjustment of resonators in the tunnel of accelerator

which continues already somewhat mcre than month. The uniformity of

the distribution of electric field, attained with the aid of these

methods of adjustment, apparently, satisfies the requirements, which

escape/ensue from the dynawics ci beam.

were initiated the tests of accelerative system with the high

loads. The first measurements were carried out for the target be

convinced of the fact that accelerating field does not depend on the

average/mean power level in tae individual tanks of accelerator. For

explaining this questicn were developed some unique instruments with

the aid of which it is pcssible to conduct the measurements of a

difference in the frequencies of accelerating cavities and coupling

elements with the precision/accuracy of above 10 kHz at the peak

power of 1 MW and relative change in the amplitudes with the

precision/accuracy approximately 1U/0. The results, obtained up to

now, show that the amplitudes of field are changed less than by 2o/o

with a change in the average/mean power of excitation from 9 to 90 kV

at the peak power of aproximately 750 kM. Continue further

investigations for the purpose of determining the tuning precision of

individual resonators. In the near ones several months will be

carried out measurement at the high power for the purpose of checking

the transient responses, calculated theoretically, the investigation

of the characteristics of teedback loops for amplitude control and
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phase in the final construction/design of accelerator and attempt at

revealing the possible problems, connected with the reliability of

the systems as a whole, which can require attention subsequently.

Besides these investigations, conducted on the serially produced

nodes/units of final construction/design, during more than two years

at present already continues the operation of the electronic

prototype of accelerator [9 ) in process of which were obtained

exclusively good results, this accelerator was intended for a strict

and precise checking of automatic control systems of amplitude and

phase which will be utilized in the linear accelerator LAMP, and also

for the common checking of the characteristics of the waveguide

system of accelerating cavities with lateral

connection/communication. The advantages of the linear accelerators

in which can be utilized the automatic control system with feedback, (
visually become apparent in the measured characteristics of beam at

output of accelerator. Addition of the system of the transportation

of beam with the magnetic analyzer made it possible to measure the

characteristics of beam at output with the high current. Passage

90o/o of accelerated beam through the system of slots, which ensures

momentum resolution +-0.25o/o with the energy 25 Nev, is standard,

and the instability of energy of the accelerated beam comprises less

than 0.1o/o. These numerals characterize the precision/accuracy of

the work of automatic control system with the feedback and confirm
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that the characteristics of accelerator are actually/really such,

that make it possible tc utllize for the supply the systems of the

feedback of field measurewent at one point. It is proposed to conduct

further tests of this accelerator for the purpose of the more

detailed investigation of its characteristics.

in the system of control LARF is utilized average/mean TsVM [

- digital computer], which accomplishes/realizes check of all systems

of setting up and control by them [10). Were designed couplers for

collection and transmission of the corresponding information; the

prepared prototypes of this equipment successfully worked under

conditions of the high noise level in immediate proximity of the

high-frequency amplifiers. is obtained the controller and at present

is conducted work on scitware of system. Is posed the problem during

the winter of 1970-1971 cf checking the control system in the

operation on the injector coaplex and the first tank of an

accelerator of Alvarez's type. ill further carried out the tests of

system as a whole for the purpose of checking its ability fulfill the

entrusted to it functicns. At present the degree of the readiness of

entire complex of accelerator comprises more than 50o/o.

3. Investigations in physics of nucleus and elementary particles at

Los Alamos meson-producing cyclotron.
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Which best way of using the provided by LAMP fantastic increase

in the intensity for obtaining mew data in the region of physics of

nucleus and elementary particles? This question is sufficiently

complex and to it it is not possible to give immediate

response/answer. The author will attempt to help listeners to

understand some considerations, which served as basis/base for the

construction of this setting up. For this purpose will be examined

some experiments which ?ere ptoposed or they are prepared for the

conducting on LAMP. At the basis of these experiments 1i,/ /rests the

use of high intensity cf beam either for increasing the statistical

precision/accuracy during the observation of very rare events and

processes, which have small sections, or for an improvement in the

experimental resolutiot.

Two most important systems of experimental installations are

intended for a consideratle increase in the general/common/total

resolution with which it is possible to carry out different

experiments. Such systems are the complex of the proton spectrometer

of high resolution (PSYR) and the channel of spectrometry of those

scattered J .- mesons (KSRB). stimulus for the development of these

programs were faster consideration the expansions of the experimental

possibilities of nucleaz physics, than the interests of physics of

elementary particles.
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At the basis of the selection of construction/design PSVR

lie/rest following considerations [ 11]. With the energies, which

exceed several hundred MeV, mean free path of nucleons by the nuclear

substance is maximum, the probability of their multiple scattering in

the nucleus minimum, the De Broglie wavelength is lower than average

distance between the nucleons and it is possible to consider that the

bombarding protons interact in the nucleus with the separate

nucleons. Because of this the experimenter falls into the completely

new region, than that that gas investigated with the energies,

available with the aid of the accelerators of a Van de Graaf. In this

ragion can be set the experiments, which make it possible to

investigate the behavicz of separate nucleons or nucleon associations

in the nucleus. For example, the observation of reactions of the type

(PPM), where x designatas any light nucleus, in particular, deutron

or alpha-particle, will sake it possible to investigate the

correlations between the nucleons of nucleus. Is at present selected

the final version of ccnstruction/design PSVY, and will agree orders

for the delivery of manzy basic elements of this setting up. Is

selected the method of spectrometry on the energy losses of

particles. In other words, will be used such spectrometric system, in

which the degree of the inelasticity of reaction is measured with

considerably the higher precision/accuracy than the absolute values

of the impulses/moenta/pulses of the bombarding and scattered

particle.
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Page 145.

This construction/design makes it possible to utilize considerably

higher speed of count bithout a reduction in the precision/accuracy.

It is expected that PSVa will possess the following

characteristics: 1) energy resolution 100 keV (full/total/complete

width on the half height) for the protons with the energy 800 MeV,

scattered on Ag,2 at angle of 450. 2) the solid angle of 10 msr. 3)

Angular resolution 2 arad, minimum scattering angle by 100.

4. Achromatic system of the transportation of beam.

Fig. 8 shows the beam-sepazation system at the output from the

accelerator. The beam of negative hydrogen ions is deflected/diverted

to the left, is recharged to abrasive device/equipment and is

directed for beam area c, where is arranged/located the electromagnet

of spectrometer.
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Fig. 8. The plan/layout cf the beaa-distribution system at the output

of the accelerator: 1 - turntable of spectrometer and target; 2 -

bean area S; 3 - beam area V; 4 - target from deuteride of lithium; 5

- device/equipment for the decontauination and monitois of beam

(length - 1.5 m), that consists of carbon slots, ionic

chamber/camera, monitor wita the secondary emission, etc., 6 - output

of accelerator; 7 - thin target; 8 - to bean area D; 9 - beam area A;

10 - target A-I.

Key: (1) . Scale in feet.

Page 146.

In target region the beam undergoes dispersion in the vertical

direction, and then is asssabled in the spectrometer, so that the

elastic scattered protcns are focused into the point 
whose position

does not depend on the pcsition of source. Fig. 9 shows magnet PSVR

and shielded chamber/camera of spectrometer. The characteristics of

spectrometer indicated make it possible to raise momentum resolution

45 times in comparison with the achievement in the analogous

experiments on the cosmotron and to observe processes with the

sections to two orders lover than they were investigated earlier.

At the basis of ccnstruction/design of KSRM lie/rest analogous
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considerations with the difference that here as the "projectiles" for

the nuclear bombardment are utilized the pi-mesons, but not protons

II (12 1; their use/application significantly simplifies the

interpretation of results. Since the spin of pion is equal to zero,

the amplitude of pion-nucleoa scattering has considerably simpler

spin structure, than the amplitude of nucleon-nucleon scattering.

With the low energies the amplitude of pion-nucleon scattering also

is considerably weaker than the amplitude of nucleon-nucleon

scattering, and considerably more simply it depends on energy.

Therefore optical models, brought-out theoretically, and

conclusion/output, obtained in the approximation/approach of single

scattering, will very agree veil with the data about the scattering

with the low energies of pi-nesons, but not nucleons.

Pions differ from nucleons in the mass, the isotopic spin and

the statistics by which they are subordinated. Because of this

difference connection/comaunication between the energy, the

impulse/momentum/pulse and the acment of momentum for the pi-2esons

another, than for the protons. A difference between spins and

isospins of these particles leads to the fact that during scattering

of pi-mesons by nucleus are soaked other nuclear states, than during

the scattering by the nucleus of nucleons. Dual overcharging can

serve as the characteristic example to the reaction, making it

possible to obtain the nuclei, uDattainable with other methods of
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study. Since the pi-meson is not identical to the particles, entering

nuclear composition, Pauli's principle dois not create difficuities

with the interpretation c the corresponding experiments. The capture

of pi-meson by nucleus increases euergy of nucleus on 140 HeV without

a change in its someht of momantum. The investigations of the capture

of pi-mesons can give information about the correlations between the

nucleons, their momentum distribution and existence in the nucleus of

nucleon associations.

(Use both of positive and negative pi-masons gives very

interesting to possibility obtainings of infor:sation about

differences of the distributicn of protons and ueutrons in the

nucleus as a result of the study of the full/total/complete inelastic

sc-atteriDg crcss section and differential elastic cross sections.
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Fig. 9. Nagnet and shielded caaber/camera of the proton spectrometb:
of the high resoluticn: 1 - water tank; 2 - beas plug (graphite with

the water cooling); 3 - spectrometer of high resolution; 4 - air.

cushions; 5 - from the 4evice/equipemnt.ofEstripping; C.. Screened door to
air shock absorbers; 7- ventilation opening;' 8- tap/crane;
9 - detectors; 10 - tap/crane whic will be e3aDllshod/installed in

the future; 11 - bridge for the cables and other communications; 12 -

tap/crane of target; 13 - target; I4 -- quadrupole lens L=0.77 m,

R=12.25 cm, 8=5.30 kg (on the surface of poles), weight 8.5 t; 15 -

deflecting magnet (divergence on 750 of particles with the

80 109

4
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impUlse/Momentum/pUlse 1463 lieV/s in the f ield 13. 94 kg); 16 -the

) deflecting magnet (divergence of particles of 7510 with the

impulse/momentum/pulse 1463 ?IOv/s in the field 13.94 kg, weight 127.5

Key: (1) . Experimental zcas C. j2) . Feet.

Page 147.

The comparison of the reaults oi scattering experiments of pions and

nucleons is of large interest from the point of view both checking

the applicability of theoretical methods and obtaining of nuclear

physics information.

The establishment of difference and resemblance of these

processes is very important from the point of view of the systematic

investigation of the properties of nuclei. The comparison of the data

about a radius of proton, obtained as a result of scattering of

pi-mesons and particles, which test/experience electromagnetic

interaction, is very important for checking the theoretical

approaches.

the system of proposed KSRf consists of the pion channel, in

which of pin, which appear in the target, arranged/located on the
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path of intense proton beam, is rormed/shaped the

high(ly)-monoenergetic beam of Ei-mesons, and the spectrometer which

provides recording the scattered mesons with the high

precision/accuracy. KSBM is "spectrometer on the losses", so and

PSVR, where a change in the impulse/momentum/pulse is determined with

considerably the higher precision/accuracy than general/cosmon/total

impulse/nosentum/pulse. Initial system must have the following

ch ara cteristics:

Mason channel.

Solid angle ... of 10 msr full/total/complete width.

Momentum acceptance ... 1o/o.

Momentum resolution ... 110W' with the sizes/dimensions of source

3x1 ca x of 1 am.

The angular resolution ., of 10 arad.

The range of energies .. ° from 100 Hey to (which depends on

assignments).

Scattering target ... 15x15 ca.
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Spectrometer.

Solid angle ... Of 10 usr.

Momentum acceptance ... 100/0.

Momentum resolution ... 1.i0".

The angular resolution ... ot 3 mrad.

Impulse/momentum/pulse °.. of 100-750 Nev/s.

Since maximum energy of spectrometer and its aperture ratio

determlae the cost/value of system, study program was subjected to

careful study for the purpose of the guarantee of a minimum

cost/value.

KSU is only one of several channels with the use of the

secondary beams which are planned/glided on LAMF. Fig. 10 shows the

plan/layout of the experimental zone, situated along the line of the

transportation of intense beam. On it is shown the location KSRB,

channel of slow mesons, channel of fast mesons, channel of retarded
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ji-mesons, pion channel ot general purpose (having low cost/value) and

channel of fast p-mesons. Necessary for the construction of these all

channels means at present are absent. However, some of these projects

are located in the stage of serious study, and it is possible to

expect that their construction will be begun in a year.

Most typical of these channels of secondary particles is the

channel of slow pi-mescns. Was recently published the sufficiently

full/total/complete study of the construction/design of this channel

[13]. The configuration of magnet is shown in Fig. 11. Particle

trajectories are bent in the vertical plane in order to ensure the

minimum height of source and maximum resolution. Vas selected the

7construction/design with four deflecting magnets, which provides

excellent accessibility to equipment, its universality and

convenience in the use, and are examined the following designed

conditions:

1. Resolution. For some experiments, in particular, for the

study of scattering pi-mesons on nuclei and capturing the pi-mesons,

is necessary a good resolution (Ap/p order 0.1o/o or less). For other

experiments, for example, of investigation - the
decomposition/decay of pi-me.ors, it is necessary to encompass the

wide interval of the values of impulses/momenta/pulses.

Ip



DOC 80069311 PAGE

2. It is desirable to have both positive and negative pi-mesons.

3. Sizes/dimensions of focal spot. Divergence of beam and

corresponding sizes/dimensions of focal spot must be changed in the

limits from 0.5x1.0 cm tc 5x5 ca.

4. Eiittance. In sce experiments is required maximum intensity

of flow and are permitted large emittances (69>10 asr). In other

experiments, in particular, on the scattering, the divergence of

scattering must be +-10 arad or less.

5. System must be achromat 6c, i.e., position of focal spot and

angle of deflection beam at output must not depend on particle

momentum.

6. Channel must be isochronal, which is necessary for

retaining/preserving/maintaining time/temporary structure of beau of

-ss on s.

7. Length of channel must be small in order to decrease to

minimum of loss of intensity, connected vith decomposition/decay of

pi-mesons low energy.

8. It is necessary to ensu.e minimum pollution/contamination of
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beam.

The obtained sizes/dimensious of focal spot and the flows of

pi-mesons are given in the table.

O p/p=0,05% Aqp -1% O -+%

_a 15 T8)Paa

50 40.106 1,6108  6,0.108

100 1,9.107 7,3108 2,7.109

200 3,3.107 1 ,3 .10 9I S,0O

8amep )0 5 CM + 1,5 cmI+ 3,5 + M c

nsrr:° no ro1 ±125 hipan ±125 pan +115 pan

ply3orou1 i

Paamep 43o- 1013 cm~ + 1,0 Chi 3,4 cm

nTa no + 40 Mpa + 40 mp t 4S mpat1
Be]T~n

Notes: 1. Table shows the flows of positive pi-mesons (s-1) in

angle of 450 with carbcnic/carbou target with a thickness of with a

of 3 ca. 2. Sizes/dimensions of focal spots are calculated with an

accuracy to corrections of second order and switch on 95o/o of total

intensity of beam or more. Since the existing beans of pi-mesons have

an intensity in the limits of 10s-10' s'L, the intensity of meson

channel is the supplementary advantage'of accelerator.

Key: (1). Energy of pi-mesons. (2). asr. (3)., Size/dimension of focal

spot on horizontal. (4). arad. (5). Size/dimension of focal spot on

vertical line.

I
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Page 148.
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Fig. 10. Experi ental 2one A, arranged/located along beam of high

intensity: I - zone of thin target; 2 - channel of fast p-@esons (it

is planned/glided in future); 3 - beam of pi-mesons low energy; -

channel of stagnation pi-mesons; 5 - bean of rapid pi-mesons and

channel of spectrometry; 6 - ionic channel of general purpose; 7 -
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beam of high-energy w-xe.ons.

Key: (1). Feet.

A

0 2 ,

Fig. 11. Channel of slow pi-mesoas of general purpose: 1 - envelope

of particles (Ap/p=+-5o/o, 4-=15 msr); 2 - deflecting magnets

(clearance 15.2x61x86.4 cm, maximum intensity/strength of field 16

kg, curvature R1=2.17 a, 82=1.34 a, R3=5.71 a, R4-); 3 - magnets of

quadrupole lenses (channel with a diameter of 25.4 cm, iron core with

a length of 40.6 cm, maximum field 5 kg).

Page 149.

In conclusion should be made several observations relative to

experiments in physics of elementary particles. first of all it
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should be noted that in twenty years of the intense investigations of

the elastic scattering cf pions on the nucleons it is not yet

obtained the only system of phases, describing scattering amplitude.

The use of intense beams of pi-sesons in conjunction with the

polarized targets must provide the final and total determination of

these phases. The investigation cf reaction s- +-n+r and reverse

reaction must ensure checxiny the invariance of electromagnetic

interaction relative to time reversal. For the more detailed study of

the scattering amplitudes of pi-aesons on the nucleons out of the

nuclear shells were proposed xleriments in the measurement of the

bremsstrahlung of pi-mesons. "&tention/preservation/maintaining

vector current (CVC) occupies central position in the contemporary

understanding of weak interdction. Based on this hypothesis

theoretical calculations of the speed of the P-denay of pi-meson

a-0+e i give the value, which has the preci3ion/accuraCy of higher

than one percent. The most precise experimental values of this value

are today determined with error 7o/o. The measurement of decay rate

for the freely moving/driving mesons on the almost parallel meson

beam LAMP of high intensity (10' particles in s) will ensure the

experimental check of this prediction of the theory with

precision/accuracy -Io/c.

The concept of the partial retention/preservation/maintaining of

axial current (RSIS), ccnnected with this question, at present has
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important value from the poina of vie of t.he analysis of the

breasstrahlung of pions and reaction w+n-- +w+n near the threshold.

Is here involved also a question about the importance of the

contribution of meson-aeson .- scattering (final-state interaction)

to the reaction of the generation of pions near the threshold and far

from it.

One of the greatest riddles of physics of elementary particles

is seemingly identity cf electrcr and M-mesohin every respect, with

exception a more than hundredfold difference between masses and

nonidentities of muon and electronic neutrino. The intense flows of

muons and pions which will be ottained on LIS?, will make possible of

the precise measurement of the properties of ;s- mesons. One of such

experiments, proposed for the purpose of checking the degree of the

resemblance of p- mesons and electrons, is the precise measurement of

the relationship/ratio of the probabilities of two methods of

decomposing/decaying the pi-mesons ( e+')/(u--i+ ). The precise

measurements of the mass of muon and electronic neutrino also can

contribute to the resolution of this riddle.

Special experiments on LAMY will make it possible to obtain an

enormous quantity of new information both in the region of physics of

elementary particles and in the region of nuclear physics. There is a

confidence, that overccainy the aoundary of experimental

> . ... .....
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possibilities, connected with tue limited intensity of beam, during

the next several years will lead to many unexpected contingencies and

fundamental discoverys/oFenings.

Besides the program of fundamental studies in the region of

physics of nucleus and elementary particles, outlined for LAMF, is

developed/processed the very vast and intense program of applied

research on this setting up. The most captivating region of such

investigations is the use/application of negative pi-mesons for the

radiotherapy of cancer/crab. The beam of negative pi-mesons possesses

the properties which make it from a contemporary point of view with

almost ideal means for the radiotherapy. Because of a small mass fast

pion creates minimum icnizatLon ca the larger part of its path/range.

However, upon decay after dead lock it creates several heavy

fragments whose considerable energy remains localized near the point

of their formation/education. This makes it possible to reliably

localize large radiaticn dosages on the swellings, arranged/located

deeply in the body of man. The information about the possibility of

using the intense beams of negative pions for the radiotherapy caused

in the medical circles considerable reanimation, and at present is

conducted the active development of the program of the clinical

use/application of a beam of negative pi-mesons LAMF. Are intensely

developed/processed also other study programs, Yhich have applied

directionality, in particular, tte investigation of radiation

i1_
S i



DOC 80069311 P aG E

damages, obtaining isotopes wth the aid of the beams of the

accelerated particles, obtaiaing intense neutron beams for the

investigations i'. the regioa of solid state physics and others.

Tha more detailed description of the programs of the

experimental studies, Flauned/glided on LA!F. in which it is possible

to find full/total/complete biblLiography, and the substantiation of

the planned/glide experiments is published earlier.

General/common/total characteristics LANF.

Energy of protons, MeV - 100-800.

Aferage/mean beam current on target, mn - 1.

Average/mean power of team, kW - 800.

Duty factor, o/o - 6-12.

Pulse repetition frequency, s - - 120.

Peak beam current, mA - 17.

Duration of pulse, ps- 500-1000.
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Peak H F power, MW - 55.

Averaqe/mean Hp power, MW - 3.3-5.8.

Operating frequency of sections of the type of Alvarez, ftgs -

20125,

Ope'ating frequency of %avaguide sections, MHz - 805e

The overall length of accelerazor, a - 840.

Total required power in operational conditions. NU - 35-55.

Cost/value, zillions of dollars - 55.

Predicted duvation of construction - 4 years.
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123. New accelerating structure on a v/2- wave for the proton linear

accelerator to the high energies.

V. G, Andrev, V. M. Pirozhentoo

(Radio engineering institute of the AS USSR).

In the proton linear accelerators by the energy of higher than

100-150 MeV it is proposed to utilize the accelerating structure with

alternating accelerating field in the mode/conditions of a w/2-wave.

In the mode/conditions */2 - the wave when phase displacement between

electromagnetic fields in the adjacent cells of structure is equal to

r/ 2. accelerating field possesses a small sensitivity to errors in

the production and bean load. This is caused by the effect of the

mutual compensation for the waves, excited in the structure by

heterogeneities and maximum removal/distance in the frequency in the

frequency of working from the adjacent types of oscillations. The use

of alternating accelerating field when in the adjacent accelerating

gaps fields are equal in magnitude, but they are opposite on theqap
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sign, it makes it possible to most economically expend/consume

high-frequency power for accelerating the proton beam.

1. Description of the acceleroting structure and possible versions of

its construction/design.

Let us examine the developed in gAIAN of the USSR structure with

alternating accelerating field in the mode/conditions of a Y/2-wave.

The accelerating structure is the cylindrical caviti -, nator with

the conducting washers and the drift tubes, loaded into middle of the

gaps/intervals between the washers with conducting diaphragm (Fig.

1A). The conducting washers are fastened in the resonator with the

aid of two cr more metallic rods, parallel to axis/axle and

arranged/located in the rf node. Metallic rods are utilized also in

the cooling system of the conducting washers. For this purpose within

the metallic rods and the washers must be provided for the channels,

on which circulates the cooling fluid. The use of through metallic

rods, attached only on the bottoms of resonator, is inconvenient on a

whole series of reasons. actually/really, at the large length of

resonator it is difficult to ensure the required stable position of

the conducting washers in the resonator with the diameter of metallic

rods 20-50 ma (at frequency -1000 of MHz the diameter of rods of more

than 30 mm is undesirable due to the large losses in them). In the

resonator of this construction/design it is difficult to also ensure
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the heat removal from the conducting washers.

The hardness of the attachment of the conducting washers in the

resonator can be improved due to the introduction of the cross

connections between the rods and the diaphragms (Fig. 1b). Cross

connections are located radially and are located in the plane,

passing through the middle of the corresponding diaphragm. Within

each cross connection is provided for the coolant passage. The

resonator of this construction/design can be assembled from the

separate moduli/nodules each of which encompasses washer together

with the relating to it diaphragn, the rods, the cross connections

and the cut of cylider (Pig. lb). The metallic rods of two adjacent

aoduli/modulas are connected with the aid of the clamps, providing

only electrical contact, since coolant passage within the adjacent

rods can be excluded without the damage to the cooling system of

washers. In the resonator of this construction/design it is possible

to utilize metallic rods of smaller diameter (12-15 am at frequency

-1000 of 88z) which will make it possible to raise the effectiveness

of the use of high-frequency power for accelerating the

charged/loaded particles dae to the decrease of losses on the surface

of metallic rods.

Page 151.
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Construction/design and technology of the production of resonator

even more will be simplified, if we exclude the cuts of metallic rods

without the coolant passage (Fig. Ic); in this case are eliminated

clamp connections, and the surface of metallic rods (with the

permanent diameter) decreases doubly.

2. Determination of the geometry of the accelerating structure.

Greatly frequently under the dispersion formula is understood

the dependence of resonance frequency of the excited in the

accelerating wave structure on a number of variations in field along

the sequence of cells or on the phase angle of electromagnetic field

to one cell 8. ta the accelerating structure from the uniform cells

the dispersion formula in the region v/2 - wave is virtually linear
and symmetrical, i.e., each pair of the oscillations, adjacent with

w/2- wave and which differ from it in a number of variations in the

field to one and the same number, equidistant in the frequency from

v/2- wave. Dispersion formula for the structure being investigated in

the form of the chain/network of the connected cells of two types

(cell in the near-axial region - space between two adjacent washers,

and cell on the periphery - space between two adjacent diaphragms) is

very complicated, since it consists of two branches one of which

relates to the resonator with the conducting washers, and the second

- to the resonator with the diaphragms. On the basis of the theory of

H
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electromagnetic field, it is possible to show that for agreeing these

two branches into the cverall dispersion formula, the linear and the

symmetrical in the region of x/2-wave, it is necessary to tune for

the operating frequency the sections of two types (see Fig. 2a and b)

during their excitation in the mode/conditions r/2 -wave on the

transverse magnetic oscillations with the axial symmetry. The

calculated structure of electromagnetic fields for these oscillations

is also given in Fig. 2a,b.

The calculation of the geometric dimensions of resonator io

and R was carried out cn tne computers in the following sequence: 1)

with certain initial raaius of resonator R from the calculation of

section with the washer (Fig. 2a) is determined a radius of washer;

2) from the calculation of section with the diaphragm (Pig. 2b) is

determined a radius of resonator a; 3) again are repeated

operations/processes on parts 1. and 2. Radius R weakly affects the

resonance frequency of section with the washer, while radius . o for

the resonance frequency cf section with the diaphragm. Therefore this

process of successive approximations converges already in the second

or third approximation/approach. The remaining sizes/dimensions of

resonator are selected on the basis of the dynamics of beam,

economical use of high-frequency power, dielectric strength of
accelerating gap and design specifications.
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Fig. 1. Possible methods of the attachment of the conducting washers

ina the resonator. a) with the aid of the through rods; b) through

rods, supported on diaphragais; c) half-rod, established/installed on

the inflows/bosses of diaphragms.
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1 IT.

Pigo.2. Sections of resonator and lield distribution in them.

Page 152.

The optimum value of gap between the drift tubes, with which

high-frequency power is expended/consumed most economically, it is

brought in Fig. 3a in the lora of the dependence of the coefficient
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of clearance =,a,/h on 3. The diameter of opening/aperture in the

diaphragms is lover than zhe diameter of washers, since otherwise

appears the second branch oi dispersive characteristic =(2 0-2 0.2

cm). thickness of the diaphragms with small ones P weakly affects

high-frequency losses in the resonator; with P>0.6 are optimus values

of the thickness of diaphragm, with which high-frequency losses are

minimum. These values are shown in Fig. 3b depending on p. Fig. 3c

and 3d gives the values of a radius of washer % and radius of

resonator R for the optimum values of the accelerating clearance and

thickness of diaphragm and frequency of 1000 MHz..During the

calculation was considered tke effect of two rods with a diameter of

2 cm, shich rest on the diaphragms (Fig. Ic).

3. Radio engineering parameters of the accelerating structure.

Computed values of effective shunt resistance 2T2 and Q-factor

of resonators at the frequency of 1000 aHz are given in Fig. 4. The

basic fraction/portion of nigh-frequency losses falls to the washers

(from 85o/o with P=0.Q to 54o/o with p=i). igh-frequency losses can

be somewhat lowered, if we to drift tube give conical shape.

Fig. 5 gives dispersion formula for the resonators, in which the

washers are attached with tae aid of two through metallic rods,

placed in the rf node and which do not rest on diaphragm (curve 1),
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or which rest on the diaphragms Icurve 2). Prom the represented

dependences it is evident taat the dispersion formula for these

resonators in the region of v/2-wave is virtually linear and

symmetrical. Coupling coefficient K. which describes removal/distance

in the frequency of an O-wave from r- wave, composes in this case

K= (51-53) o/o.

I
F

-i---~,--------
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Fig. 5. Dispersion characteristics for the resonator with the

different methods of the attachment of the conducting washers.
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For the resonator with the washers, attached on the diaphragms (Fig.

1c), the dispersion deFendence (Fig. 5 curve 3) has a gap in the

region of w/2-wave, and electrical field on the axis proves to be

that decreasing in proportion to approximation/approach to that

bottom of the resonator where is fastened washer. Thus, for the

resonator of this construction/design the procedure of the

determination of geometry wita the aid of two separate sections (Fig.

2a and b) needs refine met.

Discussion.

A. I. Zykov. Ihich the quality of resonator?

:J

V. 11. Pirozhenko. 20-30 thousaud.

B. P. Hurin. Could not you give comparative characteristics of the
investigated by you resomators for the range of energies of more than

100 SeV with the parameters of tba resonators, used in Los Alamos

linear Accelerators.

V. S. Pirozhenko. Structure with the conducting washers and the

diaphragms possesses considerably larger coupling coefficient;

-)- -



therefore resonators CaU DO mad~e longer (appr0X12ately/6X9&plarily 10

times). Shunt resistance of this structure by approximately 5o/o le~s

than remaining having in mind structures, in which it is

I approximately/exenplarily equal. Structure with the circular

!i resonators is simpler tecanologically and makes it possible to obtain

2 times higher coupling coefiicient.

1. S, Sidorenko. How is explained an increase in the quality

with an increase in the relativ,? weloci-11y of part? By smaller

quantity of washers or by something other?

V. M. Piroahenko. Yes, in the same stored energy high velocities

correspond smaller losses, siace in this case more rarely stand

washers.
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134. Study of the radic engineering characteristics of the stabilized

accelerating structures with tae standing wave.

V. G. Kuhlmann, V. :. Pirozhenko, V. B. ChistcV.

(Radio engineering institute ot tha AS USSR),

Recently in the linear accelerators of protons are applied the

accelerating structures in which the resonance frequency of working

oscillation it is arranged/located in the middle part of the

dispersive characteristic. Such structures possess the high stability

of accelerating field. Are given below some results of the

theoretical and experimental investigations of the basic parameters
and properties of the stabilized structures.

1. Conditions of the stabilization of field distribution.

In the long resonators the distortions of amplitudes and phase

of field along the rescnator occur due to the admixture to the

working oscillation field component of adjacent with them

oscillations. Applying perturbation method, it is possible to obtain

, the following expressicn for the nonuniformity of the amplitude of

• I ..i+ + +- + + + . + .. + . . . -_ + . . + . . . .
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accelerating field in steady state during the distortion of the

volume of resonator to value av:

AV

-I

where en and Hn- the electrical and magnetic fields of working

oscillation with frequency +n, and Hi- the field of adjacent

oscillations with frequencies +9v- the volume of resonator.

The decrease of the field nonuniformity is achieved by an
increase in the differeac6 in the frequencies between the working and

adjacent oscillations. Eurtnermore, if adjacent oscillations have

frequencies, arranged/located on aoth sides from the operating

frequency, then their effect on accelerating field can average out.

For the full/total/comFiete compensation during the

disturbance/perturbation in the arbitrary place of resonator, as it

follows from formula (1), is necessary satisfaction of two

conditions:

a) frequencies of adjacent must be symmetrical relative to

operating frequency (

b) Field component cf adjacent oscillations must be identical

kA 
mg~,
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Strictly speaking, condition b) never is satisfied accurately,

since for different oscillations always there is a region in the

resonator where Field ccponent are different. In the structures,

which consist of the ccunected cells and the workers on the standing

r/2- wave (for example, in the structure with the circular resonators

of connection/communication), field component of nonoperative

oscillations they differ only near the coupling elements. Therefore
the field nonuniformity in such structures is caused, in essence, by

difference in the coupling coefficient between the cells and weakly

it depends on errors in the adjustment of cells.

In the resonators, which work on an 0- wave (of Alvarez's type)

SOS by the tabulating resonance rods, field component of adjacent

oscillations, as it will be shown below, can substantially differ. In

this case the best stabalizatioa can be achieved/reached during their

partial compensation as a result of a compromise between conditions

a) and b).

Page 154.

2. Parasiters of structures with the circular resonators of

connection,,con aunicaticn.
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From a number of staoilized structures for accelerating
high-energy in the region protons (0=0. 4-1.9) by us was investigated

the structure with the circular resonators of

connection/communication (Fig. 1A), which works on standing w/2- wave

(1]. Computed values of effactive shunt resistance of structure ZT2

in this range of 4nergies at the frequency of 1000 MHz and diameter

of aperture 4 cm compose 26-52 Mchm/m. Experiment showed that with

the coupling.coefficient between cells K=5-I0o/o real values 2T2 for

20-25o/o lower than calculated ones due to the additional losses,

caused by the state of the conducting surfaces and by the presence of

coupling elements.

rig. 2a gives dispersive charactwristics of one oZ the models of

resonator in the process of adjustment (curve 1), also, after the

termination of adjustment (curve 2). The presence of the band of

opacity &f, decreases the degree of the mutual compensation for

nonoperative oscillatics. The value of the nonuniformity of the

amplitude of field in the i-th accelerating cell is determined in

this case by the relationship/ratio

Ae, 9-N b,

her,- COSaor (2)

where N -number of cells in the resonator; p,:. generally accepted
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coefficients of the expansion of *local" frequency in the Fourier

series.

Errors in the adjustment of the cells of resonator lead to the

appearance of a field in the cells of connection/communication, which

causes a reduction in effective shunt resistance of resonator to

value

'Z-T 2(3)

where Q4 and Qe- quality oi the accelerating cells and cells of

connection/communication respectively.

From the calculations and the analysis of experimintal data it

follows that in the rescuators with the coupling coefficient of

approximately l0o/o, which contain on the order of 100 accelerating

cells, are required comparatively light allowances for production and

adjustment of cells (-0.02-0.05o/o in the frequency).

Fig. 3 shows the dismounrable model of the section of the

resonator of working at the frequency 1000 MHz.

The mutual compensation for adjacent oscillations can occur also

with the work at other points of dispersive characteristic. Fig. lb

shows the accelerating structure with the circular resonators of



DOC 80069312 PAGE 4!i

connection/communication. Lntanded for the work on the the standing

2r/3 - to wave, while in Fig. 20 - its dispersive characteristic,

measured on the model of resonator. This structure is of interest

because of a smaller numter of cells of connection/communication,

what is important structural/design advantage, especially in the

region of comparatively low energies.
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Fig. 1. Of accelerating structures with the circular resonators

connections/communications wita v/2- stink (a) and 2r/3 - to waveI (b): I - accelerating cells; 2 - cell of connection/comaunication; 3

- window of connection/communication.
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IFig. 2. Experimental dispersive characteristics of accelerating

structures with circular resonators connection/communication a) with

work on v/2 - to wave; b) wita worx on 2v/3 - to wave.

Page 155.

3. On the stabilization of field in the resonator with the aid of the

resonance rods.

Lst us examine the operating principle of resonance rods based

on simple example. let inrc miduie of resonator be introduced one rod

from the cylindrical wall perpendicular to axis/axle. In Fig. 4 solid

lines showed the course of the natural frequencies of oscillation of
- the resonator of the type TM0j and the oscillation of a rod TS,

which in the first apprcximation, can be considered as four-wave

vibrator.

During the introduction of the rod between oscillations TS and

TRo0 t appears intertype conneczion/communication, in consequence of

which tuning curves these oscillations differ from initial course and

do not intersect, but smoothly they convert/transfer into each other

[2] (dotted lines in Fig. 4). Between oscillations THN 1 0 and TS

intertype connection/communication is absent. In the interaction

region ( 1 2) the newly tormed vibrations are hybrid. The field of
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each of them is the sum of the fields of oscillations Tffcz and TS,

the relationship/ratio between which depends on the position of

operating point in the tuniug curve. When go the fields of

hybrid oscillations have appzoximately identical structure; however,

their resonance frequencies are asymnetric relative to frequency

TOG, Consequently, simultaneous satisfaction of the conditions a)

and b) mentioned above is impossible.
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formnila (b) of resonator .ta the rods.

Key: (1)1. Hz.
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The degree of the coipesation for nonoperative 
oscillations

deends on he folloing factor. ih an increase in he length of

resonator oscilation Tflo2 
a.z roaches oscillation T 01o and is

I improved the symmetry cf a .eq~eaencies of the nooperative of

. L J J 7 Y /I



DOC 80069312 PAGZ a

relatively working. An improvement in the symmetry of frequencies of

the nonoperative occurs also with an increase of the quantity of rods

in the resonator, since in this case is amplified interaction between

oscillations TS and TI 0& (curves 3 and 4) and increases the

divergence of frequencies ot the hybrid from the natural frequencies.

The analogous phenomena cccur aiso with cther oscillations of the

type TMUI,)

The behavior of tuning carves was investigated on the models of

resonator in which it vas simuitaneously introduced 13 rods. Fig. 5a

Igives experimental tuning curves for several lowest oscillations.
with t = -6 mm is satisfied the condition of the symmetry of

nonoperative oscillaticns (condition a), see above) ; however, the

I: structure of the fields of these oscillations is different (is not

satisfied the condition b). Witn 108 an is satisfied the

condition b), but is not satisfied the condition a). measurements

showed that the best stabLlization is achieved at 1- 112 mn. Themcorresponding dispersive characteristic is given in Fig. 5b. The

model of resonator is shown in Eig. 6.

For an improvement in interaction with any of the oscillationsI of the type TM( rods ir is necessary to arrange/locate in

antinodes [loops] of field 6% o this oscillation. Based on this,

it is possible to determine the optimum location of rods, whicb
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ensures the compensaticn for a maximum number of harmonics, in the

structare with the rods cf connection/communication, located in the

center-line plane, perpendicuJlar to the rods of drift tubes when a

number of rods is lower than tne number of drift tubes.

REFERENCES,

V. G. Kul'man, E. A. Mironchik, V. M. P-rozhenko, PTE [Experimental
Instruments and Techniques], 1970, No. 4, str. 56.

2. V. V. Shteynshleyger. Phenomena of :;he interaction of Waves
Jo

in Eectomanetc Rsonaors Mocow ---d-v, Svie Raio,195
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135. Experiments of the compensation for decreases in accelerating

field in the injector cf Serpuk avo synchrotrcn upon the acceleration

of intense beams.

A. I. Kvash, A. V. ishento, 3. r. Surin, B. I. Polyakov, Yu. S.

Cherkashin.

(Radio engineering institute of the AS USSR).

For the purpose of preparation for experiments on the

three-rever-.) injection on th accelerator I-100 - the injector of

Serpukhov synihrotron ( 1] wera tested the systems of the compensation

for decreases high-frequency im the field upon the acceleration of

proton beams with the current to 100 mA in the impalse/momentum/pulse

by duration to 40 ps. Experiments were conducted to I and partially

on the III resonators of acceleratort moreover on 1 resonator were

established/installed two in parallel working terminal amplifiers

(OU) Are given below short descrLption and basic results of

experiments.

The compensation for decreases in accelerating field at the beam
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load was achieved by an increase in the power at the output of

terminal amplifiers at the moment of acceleration automatically or in

the program due to regulating oi tue anode voltage of terminal

amplifiers or combined regulating of their anode voltage and

excitation. Field control " ds conducted by a change in the anode

voltage of poerful/thick exciter. In some experiments as the

actuating element of control system was utilized shunting lamp [2] in

others - supplementary mcdulator. Shunting output of modulator lamp

GI-27A was controlled cn the grid and it made it possible to change

voltage on the anodes of terminal amplifiers from 20 to 37 kV.

Control of anode lamp was accomplished/realized both according to the

program and in the diagian of automatic regulating.

Supplementary modulator is carried out on the diagram with the

forming line and the thyristor discharger analogous to basic

modulator (3]. The duration of its pulse is equal to the duration of

the current pulse of beam, and the output of supplementary modulator

is included parralel witb base. The presence of the considerable

leakage inductance of the peak transformer of basic modulator

prevents closing/shorting short supplementary impulse/momentum/pul,.)

by output circuit of basic modulator, and is consistently with the

output of supplementary modulator connected diode key/wrench. Opon

the inclusion/connection or supplementary modulator occurs the

addition of the powers of basic and supplementary modulator on the
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anodes of terminal amplifiers according to predetermined program.

a) the program regulatiag of anode voltage OU.

The program regulating of anode voltage OU was conducted with

the aid of the shunting lamp or with the aid of the supplementary

modulator. In both cases are obtained close results. The

oscillograms, which characterize the work of the system of program

regulatJag, are given in Fig. 1.

SI

ve
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4 Fig. 1. Chaactristic csciUlo]rams in the presence off program

regulating (a) and vithour .r (b)l: 1 beau - anode voltage; £I-

ray/beam - apex/vertex of enveiope HF in the resonator; the III

ray/beam - beam current.

Table 1.
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Cl i(. ) [-[apaMeTpbPe MM
pa6oni 5) t  ( ' '

AHOHOe HA- Atonnie Ka'rowie Cana Cimm nn ,ynbca
!pK ne D TOKH, a TOK11. I a ~ rI~lr.' oia p,,Lxa

Do xow~neH- 18 101 145 867

B T34 1117 14 14 16

HeHCaUHN

Key: (1). Operating wode. (2). Parameters. (3). Anode voltage, kV.

(4). Anode currents, A. (5). Cathode currents, A. (6). Field slope,

o/o. (7). Decrease in curri~nt pulse of beam, o/o. (8). Before

compensation. (9). At moment of coapensation.

Page 158.

Prom the comparison of Fig. 1W'and b it is evident that the anode

voltage on the lamps oU grows at t.he moment of acceleration more than

1.5 times. In this case a field slope at the moment of acceleration

decreases almost to zero, and the amplitude of beam current

grows/rises by 30-40o/o. The nonuniformity of the pulse apex of beam

current decreases more than triply. The basic parameters of the

mode/conditions of terminal amplifiers before the compensatLon and at

the moment of compensaticn are given in Table 1. )the automatic

regulating of anode voltage OU.
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Automatic regulating anode voltage OU was conducted with the aid

of the shunting lamp. Eoz the control of lamp was utilized the

difference signal between the enveiope H? voltage in the resonator

and the reference voltage. eor eliminating the effect of the Ist

overtone of resonator tke voltage irom the resonator was

removed/taken with the aid of two loops, arranged/located in the

beginning and end/lead of the resonator respectively. After detection

the signals from the loc~s entered adding circuit, and the resulting

signal after comparison with tue standard and necessary amplification

Iwas supplied to the grid oi tue shunting tube. In this case the

effect of first and some higher overtones of resonator substantially

was weakened/attenuated. The characteristic oscillograms, obtained

with the work of this system, are given in Fig. 2. In this Qase a

field slope with the beam load with the current 80 mAk in the

impulse/momentum/pulse by thie duration of 40 ps decreased 3-4 times.

Amplitude and form of the current pulse of beam noticeably were

improved as in the preceding case. The basic parameters of the

mode/conditions of terminal amlifiers to and at the moment of

compensation are given in Tibles 2.

c) the combined regulating of anode voltage and excitation of OU

according to the program.

I - -.,---- . - . ... -'progra.---.I -
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Characteristic for this case oscillograms are given in Fig. 3.

In this case are obtained approximately/exemplarily also the results,

as in preceding/previous. However, here for achievement of the

full/total/complete compensation for field slopes was required a

somewhat smaller change in the anode voltage of OU. The basic

parameters of the mode/ccnditions ii generators to and at the nomeut

of compensation are given in Taola 3. The measured total quantity of

phase disturbances/perturbations in experiments did not exceed 20.

Concl usion/output.

In experiments conducted is obtained the satisfactory

compensation for decreases in accelerating field upon the

acceleration of beam. Lile phase disturbances/perturbations with the

work of stabilization systems are negligible. The introduction to the

compensation for field slopes in all cases noticeably improved the

form of the current pulse of beam at output of resonator.
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Fig. 2. Characteristic oscillograis in the presence of automatic

control (a) and without it (b): I- beam- anode voltage; the Il

ray/beam - cathode current of lamp of oU; the III ray/beam -anode

currant; the IV ray/beam - apex/vortex of envelope of HP in the

resonator; - beam current.

"i Table 2.
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(I) 1 ..2) flapadmeTpbt

pa ~ 13) AHLIOOaonh Cnan uwinynbcapa6o0Tb I Amomoe iia- AHoalq,11 KaTo0911MAnCn Mnn.c
1PHMIL4OU~, XB TOX, a I TOK, a 1OtR, % T~ yui,?

flo xoMneu- 20 1 95 104 13 45

B mIomeT I 32 114 114 4 25
Komfle~caUHH 134 i i

Key: (1). Operating mode. (2). Parameters. (3). Anode voltage, Y.

(4). Anode current, A. (5). cathode current, A. (6). Field slope,

0/0. (7). Decreae in current pulse of beam, o/o. (8). Before

compensation. (9). At mcment of compensation.

A'
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.......................................

?ig. 3. Characteristic cscai-..ograns with cosbined regulating:

I ray/bean - anode voltage; I and III rays/beans - anode

currents O; IV - apex/vertex of envelope H? in resonator; V ray/bean

I) - beam current.

Table 3.

!: '
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Key: (1). operating mode. (2). parameters. (3). Anode voltage, k.

(4). Anode currents, A. (5). Cathode currents, A. (6). Field slope,

o/o. (7). Before compensation. (8). At moment of compensation.
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136. Optimization of the initial part of the linear waveguide

accelerator.

V. N. Petrov, S. I. Radin, A. V. Ryabtsov, Yu. A. Svistunov.

(Scientific research the institute of the electrophysical equipment

im. D. V. Efremov).

D. A. Ovsyannikov.

(Leningrad state university im. A. A. Zhdanov).

The parameters of beam at output LUZ in many respects are

determined by the initial part of the accelerator. Depending on the

requirements, imposed ca the aeam on the target, must be formulated

the requirements for the parameters of initial part of LUE. It is

almost always isportan to have at the output of LUE a beam of part

with the narrow energy spectrum. At the same time in the case of

high-energys accelerator (LUZ an 2 GeV in Kharkov, SLAC) wavegide

buncher must provide the minimum phase width of cluster; in the case

of accelerators to low energies (3-5 nel) - the minimum of energy

spread in part in the cluster. In medium-energys accelerator it is

Al
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important to minimize both these values. Questicns of the

optimization of the parameters of waveguide buncher were examined in

works [1-3]. However, in this case discussion dealt with the

selection of the optimum laws o change along the length of the
e x

accelerator of the voltage of tield 01 - and phase wave velocity

in waveguide $ from the carrow class of curves.

Page 160.

In the present work the class of permissible curves "M and NP)

(subsequently we will call their controls) consists of the

piecewise-continuous functions, included in the rectangle

0 4,< MG

mathematically task is formulated as follows. The equations,

which describe longitudinal election notion in the accelerator, take

the rorm: dum  -% z si q. mg (-)

(2)

where n=1,2,... ,N, N - number of pa-.ticles which by hypothesis

determine the notion of cluster as a whole. Remaining designations

are obvious or universal. Variable/alternating u, and Im satisfy

the initial conditions

M., Urn0 -9, 2.0 Y . ()



-L Q

DOC = 80069312 PAGE

From the mentioned class oi curves it is necessary to select such

controls a and P, in craer to ensure the u.iniumu of the functional

i C

where a - total energy ii the energy units of rest to which it is

necessary to accelerate particles, at the fixed/recorded length of

the initial part of the accelerator.

The search of optimum contrcls a and A,0 was

accomplished/realized by several methods. The method of gradient,

used to the problem, stated above, leads to the following formulas

for the correction of ccntrols a and in the s stage of step-type

descent [4]:

( , (S)

cx ( cc (- +

S s). (5)

where &o- step/pitch of descent,

I 14I

-' w '- t= q.+.(2M.(6)

:4. __,,=a .,g*'. -,
2
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and functions Vm(2), Im+N(2) are determined from the decisions of

the system of equations, conjugated/combined with respect to system

(2). Interconnected circuit, is closely related with the equations for

variations Sum  and &ym and therefore gradient method gives extreme

controls near some initial and knowingly non-optimal controls.

Usually as the initial ones were taken w(l) and PONb those used in

the calculations of the already existing accelerators. Despite the

fact that the extreme values a and A,0 differed after several

steps/pitches of gradient desuent at the appropriate points from

initial ones only by several percentages along a and P+, the decrease

of functional and an iu~rovement in the characteristics of bean was

essential. For example, during the minimization of functional P2 the

* phase width of cluster &9 decreased 1.5-2 times during a

simultaneous improvement in the energy spectrum.

The best results were obtained during the consecutive

use/application of a method of the "averaged gradient" and a method

of ravines [5]. Let us hriefly describe the process of the search of
extreum in this case. Is minimized functional

P F'Z ,)(L),.... .MM(L) . Let us break region o- 1sL on n sections

and will write controls o(w and P©,C) symbolically in the form of

the vector of the controls:

s ( , orgnaor (7)

Let us introduce the mutually orthogonal variations in the vector of
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the controls

, , 0(8)

and let us construct the aatrix/die

rV (0 tiv V2 ( 0) 1i ... I" A V (0 )'IA=.II _ 1 a~o 2 m~t,, " I~
." -.. . . . . . . . . . . . . . . . (9)
An Axn A n

I to io

from n the rows and m columns. Rate of change in functional P

with respect to a variation in the control in i section r exists:

wh~ero ap

w here derivative oi funcional P on the initial vector

of controls v. component change i, can be written in the form:

(0) (01

Variations wVL can be undertaken large and this it is provided the

nonlocality of method. In our calculations gap/interval [0.8) was

ii divided/marked off in 11 sections with the end-points: by 0; 0.2;
0.5; 0.8; 1.2; 1.6; 2.0; 2.5; 3.0; 3.5; 4.0; 8.0. Constants a and

were respectively equal to 9.8 and 1. Within each section the

controls a and . changed linearly. Thus, was a 22-dimensional

vector of controls V, a number of variable/alternating x was also
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equal to 22 (was examined the action of 11 independent particles,

evenly distributed in the interval of phases -2,5 6 2,5; energy

of injection was equal to 80 xeV), The simplifying fact was the

possibility to utilize one matrix/die (9) several times. The initial

controls and the contrcls, obtained after the triple construction of

matrix/die (9), are given An Fag. 1 and 2. In this case functional P

decreased from 1.72 to 0.162.

For further search was applied the method of ravines, proposed

by Gelfand and Tsetlin [5) whicb made it possible to increase

substantially the dimensionality of the vector of controls (interval

[0.8] it was divided/marked off in 40 equal sections by length 0.2).

In this case the functicnal decreased to value Pow, 0.06.

Page 161.

Controls, which correspond Po., are shown in Fig. 1 and 2. An

improvement in the characteristics of beam one can see well in Fig.

3. Let us note that the control, which differs from final control of

several gradient descents, provides the phase width of cluster

qo- ' (phase motion for this case shown in Pig. 4). However, these

controls it is difficult to realize in practice. Was produced

"smoothing" curves 4 in Fig. I and 2 for the target attain a steadier

change in controls o(2), A40).
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d

I,-

to---

0 ,(0 4o 40 ,o 40 6,0 7,0 o z

Fig. 1. Initial control o(F) of afterward several gradient ones it is

lowering, and also control ot(z), obtained by the method of the

averaged gradient and by the method of ravines. 1 - the initial

control of afterward several gzadient ones it is lowering; 2 -

control, obtained by the method of the averaged gradient; 3.11 -

control afterward of the 10th and 30th ravine steps/pitches.
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0

' "' -

018-

0,f -

0,4 / 2 3 S 5 7 dz

Fig. 2. Initial control XI) of afterward several gradient ones it

is lowering, and also control P(%, obtained by method of averaged

gradient and by method of ravines.

Designations the same as in Fig. 1.

/ /

j -1

t | I /,

-3 * - Z -I I l ?

Fig. 3. Energy (dotted lines) and phase (solid lines) characteristics

of beam during controls I and 4.

S1, 1, - correspond to controls of 1.4 in Fig. 1.2.
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2,0

Y,, S0 7,0 ZO

Fig. 4. Phase particle aotion during controls by 4.,

Page 162.

The smoothed controls are given in Fig. 5. They provide bean with

A4= 11.5 ° , + 4,5% with Ecp=10 1eV. As can be seen from Pig, I and

2. control a is in effect equal to zero in cut [0.2-0.61. This means

that the optimum system, which ensures the high coefficient of

I
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,I

L

- A

as r/-v

Fig. 5. Smoothed ravine control.

i i
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capture, must consist of resonator and waveguide bunchers. In this

case the length of drift space proves to be substantially less in

comparison with case, when both bunchers are considered independent

variables. It is interesting to' also note (Fig. 4)that change -01 and

-%0:in the initial section contributes to the cophasality of the

longitudinal oscillaticns of all particles.

In conclusion the authors consider as the pleasant duty to

express appreciation to N. Ye. Kirin and V. Ya. Kotkovnika for useful

advice and discussion ct the yuestaons, touched upon in the work.
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137. Theory of the rescnators, loaded with spheroidal dielectric and

metallic bodies..

V. A. Popov, N. A. Khizhnyak.

(physiotechnical institute of AS UkSSR).

The task about frequency shift and structure of the field of

resonator, loaded with disturbing body, is of considerable applied

interest and for the isotropic aisturbing bodies it was up to nov

examined predominantly by tne methods of perturbation theory.

In the present work on the basis of the equations of Maxwell in

the integral form is posed analogous problem for the disturbing

bodies with the arbitrary parameters of anisotropy. In a number of

cases possible the exact soluticn of these equations, which sakes it

possible to define both the frequency shift and structure of the

steady fields.

Initial are the fcllowing integral equations, equivalent to the

equations of Maxwell and to boundary conditicns on the surface of

disturbing body (1,2]

'>1 - _ ____
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E (%t): F(-,t) + a 2d, _ n _-- ;

H( ,t):H ( t ad d ,. 2o= _ o _

C
2 / +Catotl2)

where Eoitt) , Ho(,t) - fialds, which existed in the resonator in

the absence of disturbing body, e and , permeability of

medium, which fills resonator, ne and n the alectrical and

magnetic vectors of hertz. They are equal to:

00
I '"z, ,-f J-E '', ' ), (3)

o v

, ,t).. (4)

where and tensors of the dielectric and magnetic

permeability of disturbing body; V - its volume, function f is

determined by the nonhcmogeneous wave equation

a d 2as - J E - vi ( ')(-' (5)

and the corresponding bcundary conditions on the surface of

resonator. During the determination of integration constants for each

component of field are selected such sets of eigenfunctions, so that

the electric fields would satisfy the required boundary conditions on

the surface of resonatcr.
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Let us introduce the system of its own orthonormalized function

1,(') of resonator witiout the load, that satisfy the equation

S.. -)+ 0o ". (.)-
S0 (6)

and the condition for the standardization

(-LC') IN. '") C., ' ,,,

where ko.- its own wave number of resonator, vhich depends from

three indices, Q- volume of resonator.

Tken the decision of equation (5) we find in the form

r 4.x

Lh r 2E O,1 e wi4 e)SEl0*M(ttl
'2 2 /

where COM f-off.c P1 - natural frequencies of the unloaded resonator.

Let us assume, now, tha't after the introduction of exciting body

into the resonator the natural vibration frequency changed and became

equal to a. Then in the steady-state ode/conditions of field in the

reson3tor when . outside V take the form

E(@,t)-E(-,) cos wat; H (,,t)- H(') sLn wt. (8)
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Substituting (7) and (8) in (1) and dividing the

* compo.ants/terms/add'ends, that have the temporary/t.ne 4ependence

siawt and -s. nwt, ie will obtaan two groups of the equations:

.)=----- ,r- -r- f ddLw ,, t E ,f I)0

V

uto fc h antc el eotie aaoFsy or points

outid C (9)in()dtrmnseectd il hog h

internal idii the disuurbing body and frequency shift. Equation
c presonator

rnobtain the

ctlindrical cavity upon the intrcduction in it of isotropic

oielsctsic baVle/quion oeere for the internal field in the

ball/sphere we vi use the results of the quasi-static

approximation/approach:

A,3 - V (11)
ED d-7L14/ __

_A
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Here E0o(%)- undisturbed field in the location of ball/sphere. For

the cylindrical cavity, loaded with spherical heterogeneity from the

isotropic dielectric, arranged/Jccated at point (0, 0, Z.) fror (10)

it is possible to obtain the following dispersion equation:
2 2 /n2

VW os-W 1~ 0  - -E, (12)

where B - radius of resonator, $,(z)- the essel function on the

order of 1, (X"- the n root of Bessel function zero order.

The structure of the excited field is described by equation (it

is brought expression only for component E2 ):

E 2-- ATo.Mld'W t w)- ,k

where(3)

V

.

-- C - -- --
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fiL cosk cosk(L2j,) 2,
"* k3sLn k3L

scoskc2-cosk,

1cask32,cskc(L-1) TTH700
2 X3s~Lk3L

(14)

2 2 )2

L - length of resonator.

For small disturbing bodies (e/)<<1) frequency shift and change

in the structure of field from the quiescent value is also small.

However, in the case of small bcdies from the materials with the high

value of dielectric permeability or in the case of the metallic

bodies whose sizes/dimensions are cosmensurated with the wavelength

appear the resonance conditions whose essence can be illustrated by

the following example. According to (12) the smallness of frequency

shift is determined by the smallness of the ratio of volumes "' In

the case of sphere from the material with the large dielectric

permeability formula (12) qualitatively remains valid; however,

instead of value should Le substituted value WhaF(fQ)4],

where

2 (sn x - z cos x)v(=)=(=L n + os~c(15z)



DOC 80069312 PAGE

Analogous situation occurs also for other spheroidal

configurations, although the function F(x)

takes more complicated iox* a-d depends not only on the absolute

value of wave vector, aiso on the orientation of body.

Function F(z) can take noth positive and negative values; when

frequency shift becomes large, in spite of the smallness of

relation V/n, and field distribution becomes qualitatively different

from the distribution in the undisturbed resonator..From (12) and

A (15) it is possible to find dependence a on z, i.e. as the final

result, dependence ' on - But according to (13) and (14) 3

is determined Ez- field compcnent. In other words, changing &

disturbing body, it is possible to control the structure of field in

the resonator. In particular, with continuous (adiabatic) change E

is possible continuous transformation, for example mode gall into

mode E,1 o.
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138. High-frequency system of the electron-positron ring VEPP-3.

V. G. Veshcherevich, E. I. Gorniker, N. N. Ioshchenko, M. M.

Karliner, V. if. Petrov, V. V. Petukhov, I. K. Sedlyarov, n. N.

Tarshish, I. A. Shekhtman.

(Institute of nuclear physics of SO AN USSR rSiberian

Department of the Acad.my of Sciences of the USSR).

The high-frequency system of ring VEPP-3 encompasses two

accelerating cavities and high-frequency oscillators for power supply

of these resonators. one of the resonators operates at a frequency of

4 MHz (Ist harmonic of the frequency of revolution of electrons and

the positrons), another - at the frequency of 76 MHz (19th harmonic).

on accelerating resonator gap on 4 MHz is developed the voltage

in amplitude to 10 kV, necessary in the mode/conditions of the

accumulation of positrons for obtaining one cluster. After the
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accumulation of particles is included the second resonator on

clearance of which is created the voltage to 750 kV at the required

power of approximately 100 kV. This voltage makes it possible to

achieve maximum energy of the particles of 2-2.5 GeV, determined by

losses to the synchrotron radiation.

subsequently are intended to supplement system with two

resonators and generators at the frequency of approximately 160 MHz,

which will make it possible to actheve the calculated maximum energy

VEPP-3-3-3.5 GeV with the total voltage on the clearances to 3.8 3V

and power of generator to I M4.

System consists of accelerating cavities, power amplifiers and

units of control and ckeck. The schematic of resonator for the

frequency of 4 MHz (it is more precise than 4.03 MHz) is represented

in Fig. 1. Resonator is the short-circuited cut of coaxial line,

loaded to the capacity/caoacitance with the value of 6000 pF, from
60 ceramic canacitors K15U. 100 nF, 130 kVap. ,esonator is comprised
on the amial plane of two narts i-hich

cover the ceramic insulator, sealed in in vacuum chamber of
accumulator/storage. Insulator separates/liberates chamber/camera

from the filled with air interior of resonator and is located in the

accelerating clearance. The ad3ustment of resonator is

accomplished/realized by the rotating copper frameuork. Resonator has

the following electrical parameters: quality 2000, characteristic

_V7
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impedance of 5.7 ohms, stunt resistance of 11 kiloohm, maximum

amplitude of voltage on the clearance 10 kY. Cooling resonator -

forced, air. The large part or the power (about 4 kV with the maxisum

voltage) is scattered in the capacitors/condensers which require

intense ventilation.

7'
Resonator for the frequency of - 38z (76.6 MHz) in the

construction/design (see Fig. 2) is analogous to the resonator of

accumulator/storage VEEP-2 [I), but has somewhat larger

sizes/dimensions, also, in connection with this

*approximately/exemplarily 3 tines larger shunt resistance.

Furthermore, two accelerating clearances are increased from 3 to 8 cm

each, that allows the total voltage on two clearances to bring to

1 ,i800-900 kV.

-7-
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i -f

• ,_
7T

iI  /

J J-

Fig. 1. Accelerating cavity by the frequency of 4 MHz. 1 - housing; 2

- disk; 3 - adjusting framework; 4 - ceramic insulator; 5 - vacuum

chamber of accumulator/storage; 6 - internal conductor of coaxial

line; 7 - ceramic capacitors; 8 - loop of the introduction/input of

power.

Key: (1).NIHz* 12). Air.

Page 165.

Within the vacuum housing of rescnator from the rod is suspended/hung

copper duct with the disks ("coil"). Rod is isolated/insulated by

H - _i



DOC =80069313 PAGE

ceramic inslatorhousing; on it to the coil is supplied the

voltage - 20 kV for the depression of resonance electron discharge.

Bypass capacitors serve for closing/shorting of HP voltage, which

appears at the rod as a resui. of the residual/remanent asymmetry of

coil relative to housirg. The electrical parameters have the

following values: quality 20000, characteristic impedance of 150

ohms, shunt resistance of 3 12, saximum amplitude of accelerating

voltage 750 kV. The adjustment cf resonator is accomplished/realized

by an elastic deformation of the aind walls of the resonator, placed

into the external vacuum sneli. Is cooled resonator by the distilled

water, which takes place through the rod into the hollow walls of

coil, and also on the tubes, soldered to the housing of resonator.

The HF supply of resonators is accomplished/realized from two

power amplifiers. one of them for the frequency of 4.03 MHz is

intended for the supply of resonator for this frequency. Its exit

two-cycle cascade/stage on two lamps GU-22 develops power to 50 kW.

Power amplifier at the frequency of 76.6 MHz in the

construction/design is analogous to the generator of

accumulator/storage VEPP-2 [2). its final stage - two-cycle on two

tatrodes GU-53R: power output- 150 kW.

The block diagram ot high-freguency system is given in Fig. 3.

H system is excited by the master oscillator at the frequency of

I!
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-) 1.34 MHz. Exciter is reccnstructed in limits of t,.34o/o from the

medium frequency. The voltage of the master oscillator enters the

entrance of frequency tripler; from its output the voltage of the

frequency of 4.03 allz is supplied to the entrance of channels 4.03

and 76.6 MHz. At the entrance of the first channel there are the

electrically controlled phase inverter and amplifier with the

adjustable amplification factor. La second channel series-connected

the electrically contrcllud phasa inverter, frequency multiplier to

19, electrically contrclied paase inverter and adjustable amplifier.

Amplifiers are controlled Dy the modulators that provide

inclusion/connection and disconnection of H? power, automatic control

of amplification for vcltage regulation on the resonators, and also

disconnection of HF power in the emergency modes.

The controlled phase inverters are connected with the diagram,

which ensures the automatic agreement of phases in two channels. With

the aid of this diagram the voltage on both resonators is cabled on

the phase to the reference voltage. The latter is obtained as

follows. The voltage of tue frequency of 3.68 MHz, removed from the

oitput of frequency doubler, enters the shaper, which forms

impulses/momenta/pulses ith the repetition frequency 2.68 MHz, of

amplitudes of 0.5 V and the duration on the half-height of

approximately 5 ns. These impulses/moeanta/pulses are supplied to the

mixers, to one of which enters also the voltage from resonator 4 MHz
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through the phase inverter A, and on another - the voltage of the

frequency of 76.6 MHz from the multiplier output of frequency on 19.

If the cen-ters of gravity of impulses/momenta/pulses coincide with

zero radio-frequency vcltage, then on the output of mixer the

amplitude of the voltage ot the intermediate frequency of 1.34 MHz is

equal to zero.

But if HF voltage iz displaced on the phase, then the asplitude

of the voltage of intermediate Ireguency on the output of the mixer

is proportional to the asount of phase shift, and its phase changes

on 1800 with sign change of phase shift. From the outputs of mixers

the voltages of intermediate frequency enter the synchronous

detectors.

I

k .~~~~~- - -- -- .. .l #I l ll
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Fig. 2. Fig. 3.

Fig. 2. Accelerating cavity by frequency of 76 MHz. I - loop of the

introduction/input of power; 2 - housing; 3 - duct with the disks

(coil); 4 - rod; 5 - ceramic insulator; 6 - housing of the node/unit

of high-voltage introduction/input; 7 - bypass capacitors; 8 -

busbar/tire of the application ci voltage of displacement.

Key: (1). kM. (2). MHz.

Fig. 3. Functional diagram of HE supply of accumulator/storage

VEPP-3.1I - master osciiiator 1.34 MHz; 2- frequency tripler; 3 -

frequency doubler; 4, 5 and 6 - controlled phase inverters; 7 -

frequency multiplier to 19; 8 and 9 - modulated amplifiers; 10 and 11
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- modulators; 12 and 1] - power amplifiers; 14 - resonator 4.03 MHz;

15 - resonator 76.6 MHz; 16 and 17 - servodrives of resonators; 18,

19 and 20 - phasemeters; 21 and 22 - synchronous detectors 1.34 MHz;

23 - impulse shaper 2.68 MHz; 24 and 25 - mixers; 26 - phase inverter

A; 27 - rectifier of mixing.

Key: (1). Channel 4.03 5Hz.

Page 166.

The reference voltages of detectors by the frequency of 1.34 MHz

are removed/taken from the master oscillator. The exit voltages of

synchronous detectors control phase inverters in such a way that the

output pulses of shaper coincide with zero exit voltage of phase

inverter A of the frequency of 4.03 MHz and wit h zero exit voltage of

frequency multiplier on 19. Rescator voltage 76.6 MHz cables itself

on the phase to the eit voltage of frequency multiplier on 19 with

the aid of the phasemeter, whach affects controlled phase shifter.

The setting up of necessary phase displacement of accelerating

voltages on the resonators is accomplishod/realized by a phase

inverter A.

A difference in the clamping circuits of the phase of

accelerating voltages c± frequencies 4.03 and 76.6 MHz to pulse

'K!
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) voltage of the frequency of 2.6a MHz is connected with the large

range of changes in the resonator voltage 76.6 MHz.

Resonators are equipped with devices/eqlipment for the automatic

tuning of natural frequencies. into each of the devices/equipment

enters the phasemeter, whicA measures a phase difference between the

voltage on accelerating xesonator qap and the current of the feeder

of resonator. Signals frca the outputs of phasemoters are supplied to
the servodrives which reconstruct zhe natural frequencies of

re son ators.

Resonators on 4.03 and 76.6 MHz and blocks of thq control system

are prepared, tested and work in the accumulator/storage VEPP-3.

.5 ,,,-i-
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gage 139.

Discussion.

A. V. ~ishcheako. In what mode/conditions (continuous or pulse) does

work the generator?

F V. M. Petrov. In the continuous.

I A. Ya. Belyak. Is included rescnator in the vacuum container? Are

such the exemplary/approximate aimensions of resonator on 76 MHz?

V. N. Petrov. Resonator is included in the vacuum container. (

'I Sizes/dimensions of the resonator: the diameter of 1150 an. the

length of 900 am, the accelerating clearances on 80 nm.

A. A. Glazov. Which the precisicak/accliracy of phasing?

V. M. Petrov. The precision/accuracy of the phasing of accelerating

voltage with the frequency of 4 Mfz relative to voltage with the

frequency of 76 MHz coriesponds to At=0.5*10" s.

V. Ya. Stepanyuk. What is the controlled phase inverter?
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V. M. Petrov. The controlled phase inverter consists of the stepped

phase inverter, which caanges phase irregularlyly on L5 0, the steady

phase inverter, which is the risonance single-stage amplifier,

included by ARU. In the latter the phase smoothly changes on ±450 due

to the rearrangement of cotour/cutline.

V. I. Bobylev. In what limits it is possible to reconstruct the

frequency of resonator on 76 Mtiz ue to the elastic deformations of

walls? From what material is prepared the resonator and which face

wall thickness?

V. L Petrov. The thickness of walls is -10 am, material - copper.

Rearrangement composes I1o/o.

!

1']

g '
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139. Precision system of the high-frequency supply of spectrometric

cyclotron.

G. A. Vasil'yev.

(Physical institute of the AS USSR).

I. S. Davidov, I. I. ?inkelashteyn.

(scientific research institute of the electrophysical equipment ia.

U. V. Efremov).

The accelerating system of spectrometric cyclotron consists of

two basic resonators in angular extent on 450 , excitable in the range

frequencies of 10-15 MHz, and two supplementary resonators by angular

extent of 150, excited on the third harmonic of the frequency of

basic resonators. The am~litude of accelerating voltage in the basic

resonators 125 kV, and supplementary 15 kV [ I ). Both both bases and

supplementary resonators are united in pairs so that each pair is

actually one resonator of the type of "eight". Therefore from a radio

engineering point of view each pair can be considered as one

resonator. This makes it possible for their excitation to use only
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two generators - basic with pover on the order of 200 kW and

supplementary (third harmonic) with power output on the order of 15

ki.

Basic difficulties during the development of the system of HF

supply are connected with the need for the stabilization of amplitude

in the basic resonator witu the precision/accuracy not worse t3*10- s ,

or phase difference between the HF voltages of fundamental frequency

and third harmon'c with precision/accuracy of t0.030.

Page 167.

System block diagram is given in the figure. The master

oscillator ZG encompasses the synthesizer of frequencies with the

stability of frequency cn the order of +±1*I0-7 and the auxiliary

stabilization system of the amplitude of exit voltage, which ensures

the constancy of exit voltage 2,.G with the precision/accuracy not

worse than +10-4.

HF voltage of ZG through the control unit, the broadband power

amplifier and the final stage excites basic resonator R1. ,The final

stage is installed directly on the resonator and excites the latter

without the use/application of intermediate circuits and feeder line.
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The final stage and the power amplifier work in the

understressed mode/conditions and, for the purpose of an increase in

the stability of amplifacation and phase responses, they are included

through the resonator by zeedback in the high frequency.

The presence in feedback loop of high-Q resonator makes it

possible.to carry out sufficiently deep (K on the order of 50-100)

feedback without the destabilization of system. In this case the

stabilization factor in the first approximation, is equal to the

coefficient of feedback. This stabilization of HF voltage on the

accelerating clearance of basic resonator is accomplished/realized by

an artificial stability installaticn (ASA1).4
As the measuring element of system (sensor) is utilized the

photoelectric comparator, which ensures the precision/accuracy of the

comparison of the average/mean value of HF voltage with standard

constant stress of order 10-s. The precision/accuracy of this order1it is at present obtaired in the comparators, developed in by Tomsk
Folytechnic institute [i].

The introduction of the integrating component/link makes the

system of AS& astatic, due to what it is provided, in particular, a

sufficient range of regulating.

i
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However, in connectlon wita the use/application of an inertia

comparator and the introduction of integration ASA basic system

becomes slow. For eliminating the rapid fluctuations of amplitudes is

applied the support systea of ASA. Support system static (K on the

order of 50) with the limited range of regulating. The work of

support system can be considered as the correction of basic system

with derivative control.

It is assumed that this combination of ASA systems will make it

possible to obtain the acceptable transient responses (operating

speed) with the range ox regulating and prescribed/assigned

precision/accuracy reached. The system of ASA of channel on the third

harmonic is analogous kasic.

For the stabilization of tne phase relationships/ratios between

I the oscillations in the basic and supplementary resonators is

utilized the artificial stanilaty installaticn of phase (ASP).

The basic difficulty of developing this system consists in the

creation of the measuring device (indicator), which fixes the

divergences of a phase difference of multiple frequencies from the

given one with the precision/accuracy not worse than tO.02 0 in the

fundamental frequency).
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At present is conducted the development of this measuring

deice. iorks are conducted in two directions: are investigated

diagrams with intermediate frequency multiplication and heterodyning

of sigal, and also diagram oi tbe direct comparison of phase at the

multiple frequencies. Stxucturaily system ASP is carried out (as ASA

system) in the form of the ccabination of wide-range astatic system

with the high speed statistacal (with the limited range of

regulating).

Besides the basic stabilization systems (AS& and ASP) the HP

supply encompasses the ser.es/Lcw of auxiliary stabilization systems:

in particular, the system of the self-alignment of the natural

frequency of resonators (ARCh). Systems APCh of basic and

supplementary resonators are carried out on the phase principle. The

signals of detuning are developed by the phase sensors, which compare

with respect to the phase excitation voltage with the voltage in the

resonator. After the ap~ropxiate amplification and conversion they
act on tuning elements. Systems APCh are astatic. Precision/accuracy

in phase on the order of 0.5-1O. The residual/remanent errors for

systems APCh exceed the permissible error for the mutual phasing of

resonators, but their value considerably less than the range of

regulating systems ASP and ASA.

Therefore systems ASF and ASA easily remove the effect of the
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errors for systems APCh ca the precision/accuracy of the

stabilization of accelerating voltages.

In connection with the extremely hig requirements for the

precision/accuracy of tha maintenance of the prescribed/assigned

parameters at the develcF2ent ol the system of HF supply are accepted

the measures for a maximally possible reduction in the value of the

destabilizing effects. All supply voltages are stabilized with the

precision/accuracy of cider 1*10-4. Provision is made for

thermostatic control of the separate elements of the system of HF

supply, and also heat stabilization with the high precision/accuracy

of accelerating cavities.

At present are examined the possibilities of simplification in

the developed system and iuatner increase in its precision/accuracy

and reliability. In connection with this are conducted investigations

of the possibilities of exciting the supplementary resonator directly

from the basis due to the introduction to connection/communication

between them through the nonlinear elements/cells.

I1
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'he systea block diagram of HFP supply: 1 - master oscillator; 2 -

control units; 3 - broadband powar amplifiers; 4 - the final stages;

5 - the automatic frequency control; 6 - the automatic tuning of

ampli'tude; 7 - diagraa of control of frequency; 8 - phase sensor; Rs

- resonator of fundamental frequency; R2 - resonator of the third

harmonic.

Page 168.
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HIGH-FREQUENCY SYSTEM OF HIGH-CURRENT F-M CYCLOTRON OF JOINT

INSTITUTE FOE NUCLEAR RES EaCH.

(Installation 'IF*).

A. A. Glazo,, V. A..Kochkin, L. m. Onishchenko, V. I. Peregud, S. S.

Semenov, I., V. Tuze'v, M. II..Knarlamova.

(Joint Institute for Nuclear Research, scientific research institute

of the electrophysical equipment in. D. V.yEfrenov).

In the high-current F-d cyclotron J.I.N.B. [1] the terminal

radius of acceleration is 2.7 a, magnetic field is formed/shaped in

such a way that the acceleration of protons before the energy 700 3eV

must be accomplished/realized with a change in the frequency of

accelerati ng voltage in the range 18.18).f).14.41 Mz.

The introduction to variation and the growing with a radius

magnetic fields leads to thej contraction of working frequency band;

however in this case sharply decreases by interpolar magnet gap, and

with the selected aperture of dee 100 mm the clearance between dee

< 1 _ _ _
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I( and cladding of chamber/camera will be only 78.5 am. With this

clearance accelerating voltage to avoid breakdowns and excessive

losses is selected equal to 50 kV.

As the modulating device/equipment it is decided to utilize the

mechanical rotating variable/alternating capacitor/condenser, which

is up to now represented ay the best device/equipment for a variation

in the frequency of the accelerating system of F-M cyclotron. In all

projects of the reconstruction oi accelerators in operation [2, 3]

also is provided for pzifcisely this method of the rearrangement of

frequency. In connection with tha relatively narrow operational

4frequencies band for the -esonance system in this case it proves to
be possible to utilize a cut ot uniform line so that the voltage on

the bunchers would be always less than accelerating voltage.

The ratio of the maximum capacity/capacitance of bunchers to the

minimum has a minimum at the lengtn of resonance line, close to 6.5

a. However, in connection with the fact that in the minimum of

relation Cmo,/CmLn the value of capacity/capacitance cmam is very

great, and the minimum sufficient'.y flat/plane, by optimum length it

will be 7.3-7.5 m. This length is optimum and for the design

considerations, since it makes it possible to remove bunchers and

high-frequency oscillator uehind the radiation shielding.
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Thus, the accelerating high-frequency system of installation "F"

is the rectangular in the plan/layout flat/plane half-wave uniform

line with a width of 6 a, wita length of 7.3 m with the permanent

clearance 78.5 m3. The adjustment of system is accomplished/realized

by two identical capacitive ouncners of frequency, carried out in the

form of capacitor/condenser with the rotating rotor whose axis/arle

is parallel to dee lip..

The results of calculating the electrical characteristics of

resonance line are given in tha tanle (one-dimensional calculation).

In connection with the fact that the resonance line has

considerable width, was also prcduced its calculation in two

measurements. In this case it was assumed that on the contour/outline

the normal component of current is everywhere equal to zero with

exception of the places of the connection of the buncherss where it

was permanent.

4

2-------
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MOMO~eHI 1C'IT -T -J-~mpit 9'e

u U6  P USC1P /Uc o

14,3 0,572 63450 150 1 0,741 5060

Key: (1). One-dimensional calcalation. (2). Two-dimensional

calculation. (3). Hz. (4) p . (5). kV.

I

j Page 169.

Under this hypothesis

z,, - Z0 ,cti ke+j 9 S A n 2

n(1)

, 2  s n , 0 1o

where 2x - idh:f7 E: nac;?5 ;:: A xent of bunchers, eulto

fromtheedges of line. Results of calculating also a~e presented in

the table (two-dimensional calculation).

The use/application of mechanism for the rearrangemet of the
'r fi

9 ~1.3 resonn e cqencer of syste s aulcated at asmd the of ':e/2
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j of the back stroke, during which th- frequency of system returns from

its finite value to the initial. If one assumes that the time of

acceleration is equal to cue duration of foreward stroke, then with

the angular extent of stator platos, approxiaately/exemplarily equal

to 0-ep, the effectiveness oi cycle will be

1 0 (2)

where 9 is angular of tho extant of the blades of rotor; 9=2rlN -

angular distance between them (N - number o- blades of rotor).

On the lower voltage frequeLcy on the bunchers in accordance

with the data of calculation must be approximately 30 kV. In this

case four-millinetric clearance is completely sufficient from the

point of view of dielectric strength and reliability. As shoved

preliminary estimations, the necessary maximum capacity/capacitance

with this clearance can be obtained in the bunchers with the

seven-degree moving vanes with a length of 12-13 ca with the diameter

of rotor about the meter and two stator packages. The effectiveness

of the cycle of bunchers is sufficiently high. and when selecting of

a number of blades of rotor the determining factor it must be the

rotaticaal speed.

velocity the rotation of rotor is determined by the expression:

10q~I N

-0= - kn l- ( VA '4.. . .., : ' *" , , = ,,- . ,- - ---,
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Key: (1). r/nin.

where the time of accelqration t. for the selecte law of a change

1: j in the magnetic field and set of energy per revolution is 1038 ps.

From (3) and values r. for the bunchers with seven-degree blades it

is evident that, if we axe uot orieuted on the use of a reducer or

the development of special engine, bunchers must have 10-12 blades.

In connection with the fact that with N=10 th* bunchers has a

somewhat larger value r and smalier sizes/dimensions, this version

it was accepted as the wcrker.

IThe calculation oft tue profile/airfoil of stator plates was

based on assumption about a linear change in the capacity/capacitance

from the angle of rotaticn, waich corresponds well to the necessary

law of a change in the irequeacy. Vas assumed also a linear change in

the working clearance frcm 7 to 4 mm in the dependence on the angle

of rotation of rotor, nilch provides the exemplary/approximate

constancy of electric intensity in the bunchers.

* ( rj The profile/airfoil of stator plates (submersion depth of rotor

plates into the stator) Y(ip) was determined from the expression for

the capacity/capacitance of the parallel-plate capacitor:

C(Y)=

3- h yI, r ~o-my
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where the coefficients a dad characterize the apparent increase in

rotor plate due to edge effecr [41]; h(O) - working clearance; 2R -

diameter of rotor; n - aumer oz clearances, undertaken by the equal

to 116.

As the device/equipment, whica grounds rotor in the high

frequency, was accepted lamellar collector capacitor/condenser with

the angular extent of plates of 2840. In this case in it

simultaneously are found 8 soviag vanes of each disk, and with the

clearance in the collectcr capacitcr/condenser, equal to 1.5 am, its

capacity/capacitance is 3200 pF.

*i For the final selection of the characteristics of HF system of

accelerator after conducting o the number of model investigations

was prepared its full-scale mock-up, schematically shown in Fig. 1.

The same figure shows section/cut and are given the basic dimensions

of the bunchers of frequency.

For facilitating the production of stator plates their

profile/airfoil, obtained uith the aid of expression (4), was

ii approximated by circular arc with radius 535 an.

Section/cut in the line is intended for a frequency division of

the closest idle mode of vibration on 2-3 MHz in entire operating

range,
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J 1

1 .5

M 1

_ _ _ _ _ _ _ _

M1 1.0

Fig. 1. flock-up of RF systea of installation "P'".

Page 170.

The basic experimental results, obtained in the mock-up, are

given in Fig. 2, where are constructed dpopndenceson the angle of

rotation of the total capac.taaice of buncherss, operating frequency
a:aJb

A\
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bunchers for different frequenc-Les. It is evident that the system
provides obtaining operating frequencies with the considerable

supply; 9,, composes 0.723, that sufficiently close to maximally

possible, and the experimental results coincide sufficiently well

with the calculated ones.,

A voltage drop along the accelerating slot to the edg%-- of

tapers varies from 5o/c at the lower frequency to 12o/o on the upper.

The obtained dependence f(o) was used for calculating phase

accelaration mode with U ¢ = 50 &V and cos WS = 0,4. The results of

calculation are given in fig. 3. Certain increase coGyo at the medium

frequencies must not lead to the phase losses in view of angular

damping..

:i

.-

: i

I_--.---.. "
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, 2. R4~ t f exper 

=m tal investigation 
of the mock-up 

of RF

system. a) voltage distribution on buncherss .V/Uw at different

freguencies: 1 - f=18.88 Hiiz, 2 - f=16.21 MEz, 3 - f=14.2 MHz; b)

dependence on the angle of rotation of the rotor: 1 - total

capacitance of bunchers; 2 - ratio of maximum voltage on the

buncherss to accelerating voltage (u I , 3 - the operating

frequency f.

Key: (1). IHz. (2). pF.

-- 2
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Fig. 3.. Dependenc co e on a caius.
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141. Debuncher of the injector of synchrophasotron the J.I.3.3 with

4 modulation of energy of the accelerated bean.

L. P. Zinov'yev, R. B. Kadyrow, N. N. Plyashkevich, T. A. Popov, I.

N. semenyushkin, V. L. Stepanyuk.

(Joint Institute for Nuclear Research). k

one of the effective aethods of increasing the intensity of

synchrophasotron of 3.I.N.E. is reducing to the minimum of the losses

of particles in the prccess of injection and acceleration. It is

possible to obtain a considerazle increase in the intensity of the

accelerated particles, if oe decrease the energy spread of the beam

of injector and to select the optimum mode/conditions of injection

into synchrophasotron [1, 2). virtually this can be carried out, if

on the output of linear accelerator to establish/install the

device/equipment (resonator), which makes it possible to change

energy of the injected into the synchrophasotron bean in accordance

with an increase in the magnetic f3eld. With the correctly selected

distance from the linear accelerator this resonator will be able

besides modulation of energy also substantial to decrease the energy

spread of the injected beam, iullilling the functions of so-called
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debuncher.

Page 171.

This installation is at present created and launched in high-energy

laboratory of JI. IN.R. In this work are given the basic results of

calculating the effectiveness of injection into the synchrophasotron

of J.1.N.R. during moduiation of energy and contraction of the energy

spread of the beam of injector, the short description of debuncher

and the basic experimental results, obtained in the process of its

adjustment and field testing on tae synchrophasotron.

If energy of the jarticles, injected into the synchrophasotron,

is changed in such a way tuat the Lnstantaneons equilibrium orbit to

which arm injected the particles, has the fixed/recorded radius and

it passes in immediate proximity of the internal inflector plate,

then, obviously, injection .nto the synchrophasotron can be continued

until the instantaneous equiliriun orbit of the particles, injected

at first, as a result cf turning !a the building up magnetic field

achieves internal chamber wall. In this case the particle injection

will occur always with a small amplitude of radial betatron

oscillations. In contrast to this, in the case of permanent energy of

injection a radius of instantaneous equilibrium orbit, to which are

injected the particles, in connection with an increase in the

4
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magnetic field always decreases and occurs an increase in the

amplitudes of radial betatron oscillations. In this case the

injection continues until tue instantaneous equilibrium orbit of the

injected particles achieves the ziddle of chamber/camera, but the

amplitude of radial betatron oscillations will stop to the equal

radial half-width of chanDer/camera.
f(

Thus, with the variable/alternating energy of injection it is

possible to twice increase the time of injection and, furthermore, to

carry out injection with small amplitudes of radial betatron

oscillations. This is made it possible, first of all, to twice

increase a quantity of injected into the chamber/camera of

synchrophasotron particles, in tue second place, it is essential to

decrease the losses of particles in the initial period of synchrotron

acceleration.

The calculation of the effectiveness of injection during

modulation of energy of injector and contraction of its energy spread

with the aid of the rescnator of debuncher was performed by the

method of numerical integration and it was reduced to the

maximization of the function

where z.- effectiveness of injection; 6 - coefficient of the

capture of particles into the betatron acceleration mode; . -
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: coefficient of capture into synchrotron acceleration mode; '. -

duration of injection pulse. calculation was performed for the

existing injector with the energy 9.4 NeV and the current 1.2 mA. The

necessary depth of modulation of energy of this injector m=3o/o, for

which it is necessary to chanya the phase of voltage on accelerating

resonator gap with -450 to +4i with the voltage on the clearance 200

kV (amplitude value). During the location of the resonator of

debuncher at a distance cf 3 a from the output of linear accelerator

it will produce contraction of the energy spread of the injected

particles from We-= 2,3% to Awm 0 6 For calculating the
w W a, .

effectiveness of injection were undertaken the real distributions of

the injected particles according to the angles ?. the section of

cluster g and energies W whose maximum values for the existing

injector are a6m- &.io" : rad, Am - 3,5 cm, 0.5%. The basic

results of calculation are given in the table.

Thus, during the use/application of debuncher with modulation of

energy should be expected increase in the intensity of

synchrophasotron from C--= 1,.1011 the particles in the cycle of

acceleration to Qcx= 5oo 1 1 the particles, moreover 2 times due to

an increase in the duration of injection Tu from 300 to 625 jus and

2.5 tines due to an inczeasa 3n the general/common/total coefficient

cf capture o from 0. 12 to 0.3 (e-06d).
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The block diagram of debuncher is given in Fig. I. Basic

node/unit is the resonator which creates the high-frequency electric

field, which affects the Dean ot particles of the injector.

High-frequency power enters rescnator from the unit of HP oscillators

which together with the preaxplitier amplify HP power up to the

value, necessary for the supply of resonator. The modulator of phase

serves for modulation ol t a phase 9f entering the resonator of HF

voltage relative to ths phase of voltage in the resonator of linear

accelerator (LU). For tne tuniug of initial phase is provided for

mechanical phase inverter. The mcdulator of phase is controlled with

the aid of the voltage, developed by the oscillator of control

voltage. Pulse anode voltage for the unit of HP oscillators and

preamplifier creates the pulse 2odulator, that encompasses the

assembly of artificial line. For tae tuning of the natural frequency

of resonator is utilized the alement/cell of steady tuning. Phase

bridge serves for the ccaparison of the phases of signals from the

resonator and +Ae unit ct RF oscil4ators. The synchronization of

entire installation is accoplished/realized with the aid of the

delay unit, by trigger pulse ci the beginning of injection.
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(I ) I AW i Tu. U
Hf1V.eKWfI a MKceI %lKcei amfl.

W0=9,4M98, -2
6e3a Le6aqepa 2,3-10 I 300 01 361,01

W": 9,4 M36ca(-;'atmepom 6,0-10- 300 0,21 63 1 1,7.-101

moyRR 3-10- 625 J0,3 lei 5,0-101

Key: (1). Mode/conditicns of injection. (2) .4S (3). part./pulse.
(4). MeV, without debuncher. (5). MeV, with debuncher. (6). MeV, with

debuncher and modulaticn.

Page 172.

The resonator of debuncher (Pig. 2) is a quarter-wawe cut of

coaxial line with the round cross-section. The length of accelerating

resonator gap . - 5c Cm was selected fron the condition of obtaining

the factor of time of flight G=0.9 with the intensity/strength of

field 40 kY/cu. The quality of resonator QO=12800, shunt resistance

R I 1200 to kilooha, self-resonant frequency is equal to the

frequency of the resonator of linear accelerator (143 MfHz). For

obtaining on the slot cf resonator 200 kY it is necessary to feed to

it 50 kV.

Fig. 3 depicts the photograFh of resonator within vacuum
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envelope.

The modulator of phase 2 (in ig. ) is cLrried out in the fora

of ten-soponent artificial line. As the capacities/capacitances of

line are utilized the semiconductor diodes whose capacity/capacitance

is controlled by bias voltage, which comes from the oscillator of

control voltage..

At present the debunucer is installed, fixed and is located in

the stage of field testinag on the synchrophasotron of J,IoHeRo
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(,2)
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IMt~uuI -*! F!

I ' ____

Fig. 1. Block diagram o denuAcaher. I - wcanical phase inverter, 2

- the uodulator of phase-. 3 - preliminary EF amplifier; 4 - anit of

HF oscillators; 5 - resonator; F- delay unit; 7 - oscillator of

control voltage; 8 - artificial line; 9 - pulse modulator; 10 - phase

bridge; 11 - element/cell oaf tuning.

Key: (1). HF pulse from LU. (2). Impulse/momentum/pulse of injection.

(3).- To oscillograph.

Fig. 2. Schematic of rescnator: I - center conductor; 2 - end-type

disk; 3 - internal electrode for depression of high-freguency

resonance discharge; 4 - insulators for attachment of electrode; 5.ii
%I
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* external. conductor; 6 - screens for decreasing radiation/emission of

HF power from resonator.

Fig 3.Resonator within vacuua enavelope.
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1-2. Powerful/thick peak transformer.

0. S. Bogdanov, Yu. P. Vakhrushin, V. G. Zhitenev, 3. I. Kolesov, A.

V. Orlov.

(Scientific research institute of the electrophysical equipment in.

D. V. Efremov).

For the electron gun of the linear induction acceler,. ,s (see

for example, [1]) is required the source of the high-voltage power

supply with the voltage 300-500 kV, the current of load 250-300 A for

the duration of pulses Y,=0.5 ps and at the frequency of messages

to 50 s-1. Possible decision is the use of a modulator, analogous to

the main modulator of the system of the pulse supply LIU (21 in

i combination with the powerful/thick peak transformer, which consists

! 1 of the series/row of the annular magnetic circuits each of which is

~ j covered by the pi;Lmary wiadi.Ags, connected in parallel; secondary

windings are connected in series one way or another [3-5].

Page 173.

We tested the mock-up of the version of the peak transformer which is

intended to utilize in LIU-30/250.
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The schematic diagram of peak transformer is given in Fig. 1. It

consists of the circular magnetic circuits whose quantity is selected

on the basis of the necessary voltage on secondary winding. Each

magnetic circuit is covered by the turns which are connected in

parallel and they form the pr~iary winding of transformer. Secondary

winding covers all magnetic circuits and voltage on it it is

determined by the equality

2 NU I ,

where U, - voltage on the primary winding; I - number of magnetic

circuits; U92 - voltage on seconLary winding.

In contrast to conventional diagrass [6) in this diagram it is

possible to realize the construction/design of transformer, during

which is accomplished/realized a good transmission of the shape of

pulse and at the same time easily are solved questions of

insulation/isolation of secondary winding, application of voltage on

the preheater of electron gun and cooling of magnetic circuits.

For the purpose of the unification of the assemblies of

accelerator for the peak transformer it is expedient to utilize

inductors of the accelerating system. Fig. 2 shows the

construction/design of the peak transformer in which are used the
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inductors of the accelfraring system LIU-30/250.

Cores are performed from the strip/film of alloy 50NP with a

thickness of 10 y with insulation/isolation between the turns from

magnesium oxide, applied oy tne method of cathophoresis. Cores are

included in the electrical insulating frameworks/bodies of glass-mica

which insulate cores froa the primary winding and they at the same

time protect them from the mecnanical effects. Cores with the

framework/body are secured in the water-cooled housing from the

aluminum alloy.

Inductors are collected into the column with the aid of the stud

bolts, which are simultaneously the exterior of secondary winding.

Between the inductors are placed packing layers.

Along the axis of assembled thus column passes the tube which on

the one hand is secured on the flange, and with another on the

insulator. Thus, tube together with the flange and the stud bolts

forms secondary winding. In order to ensure a sufficient

electro-insulation between the central tube and the housings of

inductors, the internal cavity ot column is filled with transformer

oil. For supplementary Insulaticn/isolation between the inductors it

is not required, since the busbars/tires of adjacent inductors are

shifted along the azimuth.
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Fig. 1. Schematic diagram of peak transformer. I circular magnetic

circuits; 2 -turns'of primary winding; 3 -secondary winding of

transf oruer.

1 2 J 4 J,

-7

Fig. 2. Construction/design. of peak transformer, 1 circular cores;

2 - electrical insulating itameworks/bodies of cores; 3 - primary

winding; 4 - housing, water-cooled; 5 - packing layers; 6 - stud

bolt; 7 - insulator; 8 - tube; 9 -flange; 10 -volume, filled with
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transformer oil; 11 - intermediate conclusion/output.

Page 174.

The supply leads of the preheater of gun are placed within the

central tube, which makes it possiale to forego isolation

transformer. During the use of a transformer for the supply of

three-electrode gun frcm the central tube is done the diversion/tap,

voltage on which will be proportional to a number of included

inductors.

For the mock-up of peak transformer were utilized eight

inductors, carried out vith the use of epoxy trowelling compound [2].

Of the photographs of mocx-up it is given in Fig. 3. The schematic

diagram of the supply of transfcrmer and change in its parameters is

given in 1ig. 4. In the modulator is utilized a thyratron of the type

TGI-1-2500/50 and a heterogeneous forming line on the

capacitors/condensers PKGr-50-25000. Modulator makes it possible to

obtain voltage to 23 kV and commuted current to 15 ki. Voltage from

the modulator is supplied wita the aid of the cables of the type RK-

50-11-13 to the primary vinding of transformer. During the first

stage of testing the lcad was imitated y resistances of the type

TVO-60-51. The selected rating of resistances corresponded to beam

current 400 A. In the second stage to the transformer was connectedz.i
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the three-electrode electron gun from cathode of which drew current

to 700 &. In this case to the grid of gun was supplied the voltage

from the diversion/tap c± tzaasicraer, equal to 5/8 from the total

voltage. The supplies ot the preheater of gun it was

accomplished/realized from th" filament transformer with the aid of

the conductor, that passea within the central tube of transformer.

Demagnetizing cores was accompiished/realized by alternating current

with voltage Up- 12 V and current =160 I with the aid of the special

system of demagnetizing.

In the measurements was utilized two-beas oscillograph of the

type DSO-1. While conducting of tests were measured the voltages on

the primary winding of transformer with the aid of the divider, the

currant through the thyratron with the aid of the Rogowski loop, the

voltage on secondary winding with the aid of the divider and the

current of gun with the aid oi the measuring system of the secondary

current of transformer and &ogowski loop.

Fig. 5a gives the oscillograms of the pulses of the voltage of

primary and secondary windings of teak transformer. Upper oscillogram

is the pulse of voltage on the inductor (primary winding), lower -

the voltage pulse in seccndary winding of transformer. Oscillograms

were removed/taken in the fclJowing parameters: charging voltage of

forming line Uq^-4s kV, U,=19 kV, 02=190 M. Sweep length 1.2 ps.
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Duration of gauging markers 0.2 js. Equivalent load corresponded to

beam current 400 A.

I

,J
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Pig. 3. mock-up of peak transforaer.

Fig Lt Sceai darmo spl ftrnfre: I hrtr:

-- - / - -- -- - ------___

, - --- '-.

Pig. 4..schematic diagtam of supply of transformer: 1 - thyratron; 2

- heterogeneous forming line; 3 - transmitting cables; 4 - primary

winding; 5 - load resistances; 6 - intermediate conclusion/output; 7

- filament transformer; 8 - conductor; 9 - *7steR of demagnetizing;

10 - monitoring oscillcgxaph; 11 - divider (resistances TVO-20,
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coefficient of division 56); 12 - Rogowski loop (it is carried out on

ferrite, sensitivity of Q.16 V/A); 13- divider (resistances TVO-10,

coefficient of division 343); 14 - measuring system of secondary

current of transformer; (chain/network RC, capacity/capacitance

Ct-C 2=8 ;j?, R=0.5 ohm); 15 - Hogowski loop (it is carried out on the

ferrite, the sensitivity of 0°zo V/A).

Page 175.

The analysis of oscillogr~as sacwed that the durations of the

flat/plane part of the ispulses/xcenta/pulses of primary and

secondary windings coincide and ccaprise at the level 0.957,,1=54 0

as. The analysis of leading impulse fronts also shoved the good

coivcidence: t - 200 ns. in both inpulses/mamenta/pulses.

Fig. 5b gives the oscillograms of current pulses through the

thyratron (upper oscillogram) dnd the voltages on the primary

winding. Oscillograns were removed/taken in the following parameters:

zw-;. kA, U1=19 kV, !t' kv, sweep length 1.2 ps, the duration

of gauging markers 50 ns.

The prolonged work cf transformer showed the high reliability of

oil insulation of secondary winding. Breakdowns within the

transformer were not observed. It was established/installed, that



filling of the cavity between the inductors by transformer oil does

not make the shape worse oi the pulse of voltage on the primary

winding of transformer. In hotn cases the duration of pulse edge was

200 ns.

The results of testing the mock-up make it possible to recommend

transformer for the high-voltage supply of power of electron gun

LIU-30/250. It is necessary to note that it is desirable to reduce

the duration of the front/leading and trailing edges of pulse of

voltage since beam electrons *nose energy differs from nominal, are

lost in the process of acceleration and only in vain load accelerator

tube Since the power c! beas is enormous, too the great losses of

electrons can lead to the damage of accelerator tube. One of the

possible methods of shortening the duration of fronts is introduction

to the secondary circuit of tie controlled key/wrench, for example,

of electron tube. In this case it is possible to expect that the

duration of fronts will e -_.30 ns.

In the preparation cf mock-up for the testing and conducting of

measurements besides the authors participated V. I. Kornev and &. I.

Pavlov.

I
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143. COMBINATION 2-GAP 3BUCHEA WIT DRIFT TUBE FOR LINEAR ION

ACCELERATORS.

Yu. D. Beznogikh.

(Joint Institute for Nuclear eseaxch).

For increasing the erfectiveness in the use of a bean of the

preinjector between the linear accelerator and preinjector is

Iestablished/installed high-frequency buncher - the single-gap

resonator of klystron the function of density distribution of charge

according to the cross section of the grouped beam has vividly

expressed nonuniformity (it is maximum on the axis/axle of bundle and

drops to zero when L-L., where 2o - radius of bean),
particle-velocity distribution n the section of the drift between

buncher and entrance of linea accelerator with the high currents of

"eam ambiguously connected with tue law of the phasing forces,

prescribed/assigned in the clearance of buncher.

ii . --- _ ;.---------. .-.....
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As a result appears certain uncertainty/indeterninancy in the

selection of the position of buncher and amplitude of the phasing

voltage on the clearance of buacaer, which consists in the fact that

the parameters indicated aze dissimilar for the particles,

arranged/located on different radii over the beam section. The

uncertainty/indeterainancy indicated could be removed under the

condition for the maximum approxamation/approach of buncher to input

part of the resonator cf linear accelerator, but in this case for

obtaining the optimum paasing of tue grouped particles to the

clearance of buncher it is necessary to feed so large a voltage, that

the part of the particles can exceed the limits of the separatrix of

linear accelerator due to the large spread along the

impulses/somenta/pulses cf the Lunched particles.

The grouping of high-curreat beams showed a noticeable reduction

in the effectiveness of single-gap buncher with the currents of

grouping on the order of 300-400 mA 1l, 2].

iorks indicated give the experimental results which show that

with the work with the buncher the current n the output of linear

accelerator grows/rises in all by 30-35o/o. Vith the high currents of

the grouped bean it is possibia to expect an even larger reduction in

the effectiveness in the work of Xlystron butcher.
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Fig. 1 schematically depicts the double-gap buncher with the

drift tube and the diagram in coordinates 6,wt, vhich elucidates the

work of buncher (e - electric intensity on the axis/axle of buncher).

Synchronous particle passes the electrical center of the first

clearance in phase ws1 -- Double-gap of the type. The effectiveness

of such buncher which is arranyed/located usually at a distance on

*the order of 1 a from the iulet of linear accelerator, depends,

generally speaking, on the intensity of the grouped beam. Since the

system of buncher is calculated in such a way that the second

clearance of buncher the synchronous particle passes in phase

T 2*A, after passing path from the electrical center of the first

clearance to the electrical center of the second clearance, equal to

L-kj3V7. Value k can take values of 1.5; 2.5, etc. For example, for

!3,s'0,03483( ws = 57oWe keV) X-=2.O a and k=1.5 we obtain L=10.8 ca.

The behavior of the nonsynchronous particles (i.e., the

particles whose phase with the passaqe of the first clearance of

buncher it is different iron -i/4 is shown in of the curves of Fig.

2 for one of the versicns of 2-yap buncher.

Fig. 2 ehows the curves of spread the impulses/somenta/pulses of

the grouped particles in coordinates p -P where *2 - phase of

particle in the s~rond clearance of buncher.
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Curve API=l(02 ) characterizes scatter along the particle

momenta after the passage of the first clearance of buncher in the

function of their positicn in the second clearance of buncher.

Curve &p2=f 2 (*2 ) chazacterizes scatter along the

impulses/moenta/puls(.s of part after the passage of the second

clearance of buncher.

In the curves is not shown the second region of phases, which in

effect is irror image relative to the origin of coordinates.

In of the curves of Fig. 2 in the degrees are shown the phases

of particles with the passage by then the electrical center of the

first clearance of bancher..
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Fig. 1. Fig. 2.

Fig. 1. Schematic diagram of 2-gap buncher (a) and diagram &(Wt) (6)

Key: (1). Beam.

Fig. 2. Curves of scatter along impulses/moenta/palses of grouped

particles afterward of first and second clearances of buncher (& &z 20

Uk/cm; L1=8.4 ca; L2=11 ca. L=10.8 cm; T,=O.5; T,=0.7; 0. 0348).

Page 177.

i .
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Thus, the particles whose phase with the passage of the first

clearance of buncher is not equal to -, obtain in the first clearance

a large supplementary energy gain (positive or negative), in

consequence of which tie more poasing forces confine their phase to

the synchronous phase in the second clearance of buncher, whereas

with the second the clearance of ouncher produces the specific

equalization of energies of all grouped particles to the energy of

synchronous particle, leaving their phase of constant/invariable in

the plane of the electrical canter of the second clearance of

bunch er.

Consequently, a 2-gap ouncher with the drift tube makes it

possible to substantially decrease the space of the free drift of the

grouped particles between the buncher and the linear ion accelerator.

(This space it is deteraiaed by the structural/design possibilities

'of the approach of buncher wita the input part of the resonator LU).

This raises the effectiveeness at grouping with the high currents of

the grouped beam, since the Coulomb forces, which block the phasing

of particles, act at a comparatively small distance, and the phasing

forces, which appear in the clearances of a 2-gap buncher, are

substantially more than the phasing forces in the clearance of

klystron buncher.

3ut a 2-gap buncher with the drift tube as single-gap klystron
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buncher, possesses that deficiency/lack, that

structurally/constructuraliy it is carried out as separate

device/equipment and therefore for its work it requires the separate

supply of power, separate phasing device/equipment and separate

introduction/input of high-frequency power into the resonance volume

of buncher.

I If we a 2-gap buncher structurally/constrcturally fulfill as

unit with the resonator of the linear accelerator whose accelerating

structure is a usual structure of the type of llvarez-Blyuetta, then

it is possible to arriv at the diagram of the combination buncher,

depicted in Fig. 3.

In Fig. 3 section I is a 2-gap buncher with the drift tube, and

section II is the accelerating structure of proton linear

accelerator. Thus, the accelerating structure of linear accelerator

is the natural continuation of 2-gap buncher, since the buncher and

the accelerating structure of linear accelerator are placed in one

resonator. In this case, naturaliy, there is no need for in the

separate supply and the phasing cf buncher, since this is performed

automatically during the excitation of resonator on the wave of the

type E010.

On the synchrophasotron of the J.I.MoR. at present is realizedLi_ _ _ _ _ _
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the method of accelerating of deuterons and a-particles (3, 4]. hs

the injector is utilized the proton linear accelerator with grid

focusing which upon the acceleration of deuterons and a-particles is

transferred/translated into the ode/conditions of the dual

multiplicity of the dritt of the accelerated particles, moreover

voltage on accelerator tube of preinjector is reduced upon the

acceleration of deutercns 2 times, i.e., to 285 keV. Vith this

voltage sharply deteriorate tae parameters of the injected beam, as a

* result deuteron output current of linear accelerator also descends.

With the voltage 285 kY on accel]rator tube of preinjector at the

output of linear accelerator was obtained deuteron current on the

order of 200 pA in the iapulse/moaentum/pulse. In connection with the

fact that in this case there is specific possibility to raise voltage

on accelerator tube of pzeinjectcr, were realized two versions of the
j combined 2-gap buncher.

Version I.

Injection into the third clearance of the accelerating

structure. In this case the first two drift tubes were taken/removed

and replaced by new ones calculated so that two first clearances

would fulfill the functicas of a 2-gap buncher. The required voltage

of injection increased to 400 kV. in this case the injected input

current in the aperture cf LU increased two times, and the
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accelerated output current of LU increased 4 times (800 pA). Thus,

the expected effect cf an iacrsase of the accelerated current 2 times

from the action of buncher was confirmed experizentally.

Version II.

injection into the fifth clearance of the accelerating

structure. The first fcur tubes of the accelerating structure were

taken/removed and replaced new so that the third and fourth

clearances would fulfill tne function of buncher, and for the first

two clearances the factor ox tzansit time was equal to zero.

Therefore the first twc clearances of particle passed without the

change their wave energy, in the third and fourth clearances they

were grouped, and resonance acceleration began from the fifth

clearance. The required volrage of injection in this case increased

to 525 kV, input current in the aperture of LU - 2.5-3 times, and the

* J accelerated output curront of LU 6 times (1200 pA).
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?ig. 3. Combination 2-gap bunche*.
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144. MuLTICHANNEL SYSTES OF CHARGING IND STABILIZATION OF POWERFUL

PULSE GENERATORS.

A. F. Baydak, I.,Ye. Zhul', A. F, Panov, G. I. Silvestrov.

(Institute of nuclear ph2sics of SO AS USSR).

Tha task of the charge of storage battery C and voltage
H

regulation on it is not new and successfully solved bf series/row by

the author (1], but for the case of supply from the individual

single-phase full-wave rectifier and at the maximum repetition

frequency of cycles the "charge-discharge" of the unit of the hertz.

During the development of the power-supply system of the
elements/cells of electrcn-optical channel on the complex VEPP-3 it

was decided to supply without pulse generators from one

r general/common/total powerful power supply. Per this purpose wasI }developed multichannel system of charge and voltage regulation on the

storage capacities/capacitances of all pulse generators. In this case

essential attention was giveD the possibility of the work of system

from the source of permanent high voltage with any degree of

~-
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pulsations.

Technical specifications of system.

1. Number of supplied oscillators (channels) u=16.

2. value of voltage on storage batteries (independently for each

capacity/capacitance) any in interval ucm. (0,5z.10)I kV.

3. Maximum repetitiCo frequency of cycles charge-discharge

IC F F , 10,H,I. Values of storage capacities/capacitances in oscillators

C'" (2.:. 000) JUF.

5. Maximum energy content cf each oscillator Wm,,=30 0 kJ with

general/common/total energy content of all oscillators Wr - 100 of kJ.

6. Stability of maintenance of voltage AL - s.o-4 e.

7. Supply of power - rectitier on transfcraer P=400 of k A

Eu-lo kV on diagram of Larionov on diodes VKDL-150 - 9 kl.

Block diagram of channel.
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The operating principle can be examined on the block diagram

Fig. 1. From the common source anto the rectified voltage through

charging resistor and bich-vcltage part of diagram ccm it charges

storage capacity/capacitance u.

Voltage Us,, proportional u .. removed from the lower part of the

divider ID, enters compaxator - comparator 2 in the electronic

control unit EB, where it is compared with reference voltage '1 on from

the special source.

By the impulse/momentun/pulse from the external synchronizing

unit, which comes the trigger through the shaper and the thyristor

amplifier is opened/disclosed the passage device/equipment, through

which occurs rapid charge Cm. it the xoment of the comparison of the

voltage of divider with the supporting/reference the comparator puts

out pulse train on amplilier 3 (see Fig. 1). By the first

impulse/momentum/pulse is inverted trigger and impulse/moentum/pulse

through the thyristor aapli fer it starts the quenching circuit of

passage device/equipment. Quenching circuit instantly ceases rapid

charge C".

Vr
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Fig. 1. Block diagram of 1e. 1 reference-voltage source; EB -

electronic component; 2 - crapirator; 3 - amplifier; 4 - trigger; 5 -

shaprr; 6-8 - thyristor output amplifiers; C'Cm - is high-voltage the

strut of stabilization; 9 - que:ck ng circuit; 10 - passage

device/quipuent; 11 - contour/outline of the discharge/break; UD -

controlled divider; 12a, 12b - electromechanical devices/equipment of

the rotation of potentiometer ad switch; 13 - device/equipment of

4 j' parametric stabilization; 14 - charge water resistance, ¥ -

rectifier.

p ~Key: ii). Depzrture/attendance of current or beam.

Page 179.

4 It
S.-
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Pulse train from comparator comes through the amplifier the

starting/launching of the device/equipsent of discharge/break, which

accomplishes/realizes voltage regulation Uc. by the method of the

portion discharge/break of excassive charge ( 1].

High-voltage part ot the system.

The schematic diagram of the high-voltage part of the channel of

stabilization is shown in Fig. 2. the rapid charg6 of

capacity/capacitance is conaucted through the passage

device/equipment - a thyratron of the type TR1-6/15 (LI), which by

trigger pulse, which enters from thyristor amplifier EB through the

joint R2.

The principle of extinguishing is characterized by simplicity

and reliability in operation; it permits implenention of

' I1 extinguishing L, with any value AUtAEU-UC, on the anode of passage

thyratron.

At the moment of time t1 (see Fig. 3) through joint Rt enters

the trigger pulse of quenching circuit, which ignites at

moment/torque tz lamp L7. Since the voltage on capacitor Ca is equal

to zero, point A (anode L,) proves to be under the potential, which

falls in the gap/interval the anode-catnode L2 which for the case of
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thyratron TRI-6/15 is -30 in. Thus, at the moment of time t2 point V

(cathode L,) proves to be actually under voltage Uc,, applied in the

opposite direction. Logically, the current through L, ceases

(moment/torque t2, Fig. 4). The time of extinguishing

tza t-ti 20ous is determined in essence by the time of ignition

At moment/torque t3 the anode Lt proves to be under the

potential of cathode. Further the potential of the anode L, becomes

more than the potential oi cathode and extinguishing condizion ceases

to be perforned. Consequently, tor the reliable extinguishing of

passage thyratron it is necessary that the time At=t 3 -t2 would be

more than the deionization time t9ew., 1 which for TRI-6/15 depending on

taking place through it at the moment of extinguishing current is

.1 500-100 is.

41 Thus, time t, determined frcm the condition

-Uc= u [- ! i- U c0)

15' _ H:

-~ -4
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t = nuc

U = in t geuo, , (3)

where v1 =3R3 C1 .

From (3) it is evident that the value

t is directly connected with vaJLue C. For the reliability we take
t 2 tgeuom , then

3R3cn - g-2 eUo (4)

O= 2 -geuoH

I 3Re1"f

;E
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stabilization of powerfu.1/thick Folse gene-rators. alI - inlet
~"starting/launching of quencbing circuit"; 92 - inlet

I, "starting/lanching. of ;assage; R8 - inlet "discharge/break,,.

I

e,; (1). Cabinet of water charge resistor. (2). k v . (3). From
. temnorar-, source. (I). High-voltae rack of stab .zaton system. (5).

o storare. (6).

Page 180.

In order to ensure efficiency ot diagram in entire range of
4 reqnlating UCH relatively E.,in condition (5) it is necessary to
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substitute ICHmcn and geuoH ma. Finally

2t geuo.. max
C= UC mi.n (6)

3R3 En 3 EU

Shunting of C, by resistcr R3 is conducted for the discharge between

the cycles of charge. Value Ra we select from the conditions so that

C1 would manage to be dascaargea between the cycles and at the same

time current o=L_ was less than the current of combustion L2

(on the order of 50 tl . Value h , or more precisely tile

t' 3 2 = 3R3 C1  (7)

determine the maximum operating speed of the entire high-voltage

circuit as a whole:

Fu;.maXr' t op t' I

La the presence of . cuperation the diagram

works with F =25 Hz to accumulator/storage C - 150 ja. But on

sufficiently great capacities CH and levels Uct, considerably less

for prescribed/assigned frequency Eu, can cease to be satisfied the F

condition (8). Then it is necessary to replace R3 with chain/network

from the necessary resistance and xey/wrench (thyratron). Thyratron

L2 goes out when U = E. After this it is possible to open/disclose

key/wrench. Nov value R.3 will be limited only by the permissiblei current through the key/wrench.

r ':, Schematic diagram of electronic component.

as' !The full/total/complete schematic diagram of electronic

"r ... . ... . . . . . . ,ii I lr I mlll l nlll l ! lO
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component is given in Fig. 5. Besides the basic nodes/units, isolated

on the block diagram, it contains the series/row of ancillary

circuits (protection circuit T,, Ts, check, etc.). Oae should

somewhat stop in the diagram of comparison and its functions. As the

element/cell of comparison is usfd a diode-regenerative comparator to

T, (2 ] with the threshcId of tunctioning U..= 5.10-3 in U.. it changes

to 2.10 0* V in the range of temperatures of 10-609C. As is known,

workrr . of comparator is based on the blocking process in the

presence AU5.,uex-uon -> Un.c - After comparison the comparator puts

out the sequence of impulses/aomenta/pulses as function from value

huo.x in the range of frequencies from the unit of the hertz to

certain F.... with that determined AUs8x>>u.c- Latter/last property

made it possible to utilize a ccaparator as the assigning pulse

generator for the starting/launching of the key/wrench (L3) of tha

contour/outline of discharge/break.

'I
Dependence of Fk-'(AUSx) and wide frequency band F,= (1I-ooo) Hz

made it possible simply to carry out stabilization uc,. in entire

4range Eu.

Reference-voltage source.

R elation -- is equivalent to relation u". on the basis of
Ub Uion

permissible instability .=5. 10-4 we f in d
UCM
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,~~~ Uon =51. 4

Taking into account the series/row of the destabilizing factors,

accepted U0 = 100 %. Reference-voltage source is carried out in the

form of two-stage parametric stabiiizer with the output stage on 12

stabilitron tubes D818!o.

The high-voltage part multichannel stabilization system is

structurally/constructurally carried out in the form of the separate

interchangeable struts. The supply of accumulators/storage from the

common source made it possible tc combine the inputs of all charging

resistors, and qsa as the active elesent/cell of usual industrial

water (p=3 kQ/c n3) made possiole to replace the set of bulky struts

with compact cabinet. Structurally, separate resistance is made in

the form of beaker from fiberglass. Contact is accomplished/realized

through the metallic flanges. Resistance by the method of

I commutations easily is changed in the range from R. ft 4R. through

the unit, and by the method of the introduction of inserts/bushings

to beaker into dozens ¢f times. The continuous current of water makes

it possible to scatter the order 50 kv of active power on the

separate resistance.

1,4!
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Pi,. 3. Fig'. 4.

Fig. 3. Time graphs of electrode voltages of passage thyratron LI: a)

voltage of anode; b) voltage cathode-anode; c) voltage of cathode.

"I Fig. 4. Time graph of charging rate.

-,{ Page 181.

7-
./1

l Although during operation all components/links of system are

iI  connected together, their functions are clearly demarcated, which is

I especially important with tue large aultichanneled affect.

The tests of stabilizer showed that in the static behavior the
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instability of voltage on capacity/capacitance '--h s,o- in 12

hours. The drift of vcltage within this time comprised -5.10'4.

During the cyclic discharge of capacity/capacitance --UjH= '. 1 4  TimetUCH

of the output of system to the mode/conditions zI hours.

I
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Session XI.

Targets, separation and trdasportation of beans. Input and output.

145. OUTPUT OF THE PROTON BEAS OF THE SYNCHROCYCLCTRON OF THE

PHYSICOTECHNICAL INSTITUTE 0? THE ACADEMY OF SCIENCES USSR jITH

~$PROTON ENERGY OF I GeV.

N. K. Abrosimov, V. A. Voichenxov, V. A. Yeliseyev, G. A. Ryabov, N.

N. Chernov.

(Physiotechnical institute im. A. F. Joffe of the AS USSR).

The output unit of synchrocyclotron on 1 GeV ('1 is nonlinear

regenerative system [2). During the design of leading-out system was

taken into consideration the real spectrum of the amplitudes of

radial and bouncing, whicn made possible to design for computers the

enittance of bean at the inlet into magnetic pipe and to design

channel as optical circuit under the prescribed/assigned emittance of

beam.
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On the basis of the calculations conducted for an increase in

the effectiveness of ccnclusion/output was accepted the number of the

measures: was selected the optimum inclination/slope of the inlet of

channel, are considerably expanded the apertures of channel, all

sections of channel - focusing, and value and sign of the gradients

of channel were selected from conformity condition for the radial and

vertical emittances of beam with the acceptance of channel.

Furthermore is increased the etfective aperture of the magnetic field

of regenerator, which ie. to the decrease of the losses of particles

due to the heterogeneity of field on the vertical line. The schematic

of output unit is represented in Fig. 1. Magnetic pipe consists of

five curvilinear secticzs which are fastened to the C-shaped frame.

Frame can remotely/distance be moved within the acceleration chamber

without the deterioration in vacuuz. The position of each section

within the frame can be regulated on +-25 am, also without the

deterioration in vacuum. Tn.* cross section of the basic plates of

sections and the magnetic field of sections are represented in Fig.

2.

The calculation of the emittance of beam was conducted employing

procedure, analogous that described in works [3, 4]. For it is tenth

and the values of the amplitudes of radial oscillations with the aid

_____ _____ ____-All_



DOC = 80069314€ PAGS 7

of the computers was located the radius or energy of particle, after

which ceases the precession ana begins the building up of radial

oscillations with the tixed/recorded node/unit whose position is

determined by regenerator. Consecutive trajectory calculation with

different amplitudes of radial and bouncing from a radius of

regeneration to the inlet into magnetic pipe gives radial and

vertical phase beam artas at the duct inlet. The account of the

distribution of a number of particles according to the amplitudes of

betatron oscillations makes it possible to obtain besides phase area

even and density distrinution of particles in the phase space.

Density distribution of Farticles in the radial phase space was

obtained taking into account the vertical motion. This made possible

to determine the direction of the radial motion of basic part of the

I particles and, in accordance with this, to select the optimum

inclination/slope of the inlet ot channel to the final circular

orbit. For the axial particle for magnetic pipe was accepted the

point by the phase area, which corresponds to maximum particle

density in the radial phase space. Selected thus axial particle of

channel has in the process of acceleration the betatron radial

ioscillations, different from zexo.

PC
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|I Fig. 1. Schematic of output unit. I - tester ith small ionization

chamber; 2, 5 - tester between the sections of magnetic pipe; 6 -

thermocouple tester; 7, 8 - drives of channel; 9 - regenerators; 10 -

frame of magnetic pipe; 11 - supplementary to a horizontal-focusing

section; 12 triplet of lenses ML-ZA; F - intermediate focus.

~' Page 183.
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Bulk of particles is derived/concluded with the incomplete energy and

with the radial inlet velocity into magnetic pipe of larger (-1.5

2 i times), than for the particle, which does not have radial

oscillations. Because of this channel it must be arranged/located at

large angle to the final circular orbit, which makes it possible to

utilize within the channel smaller field weakenings. The introduction

to axial trajectory of channel makes it possible to linear

approximation/approach to separately examine the deflecting and

focusing properties of channel and respectively weakening and

focusing gradients of sections.

Field weakenings within the sections are selected by such that

the axial trajectory of bean of particles at the output of channel

would acquire radial coordinate and velocity, necessary for the

incidence/impingement particles after the passage of the scattered

field at the center of the sergeant of the relief of magnet. During

the analysis of the focusing properties of magnetic pipe was examined

entire circuit of wiring the bundle which consists of magnetic pipe,

stray field of accelerator, supplementary radial-focusing section of

the stray field out of accelerator chamber and triplet of lenses

ML-ZA. Value and sign of the focusing gradients, and also necessary

apertures of sections were selected by program TRAMP. The focusin,.



DOC = 80069314 PAGE 'MD

sections were represented in the forz of lenses, and the optical

properties of stray field near the axial trajectory were

approximately assigned by sequence of eight quadrupole lenses. As a

result of these calculations for an increase in the channel capacity

there were increased the radial and vertical apertures of channel and

was introduced focusing into all sections (Fig. 2).

The expansion of tte gecmetric aperture of regenerator, i.e., an

increase in the region of unifora in the vertical line field, leads

to the identical radial motion of particles with different bouncing.

An increase in the smallest aperture of regenerator to 80 mm with the

preservation of value "ABIO was ontained due to the selection of the

adequate/approaching configuration of iron and increase in the

azimuthal length of regenerator to 0.2 rad (Fig. 3). The law of a

change of the field of xegenerator in the dependence on a radius can

be approximately represented in the form B' ABdB=0,23(R-R0)0,54(.R 0f

j ,Ii!
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Fig. 2. 2ig. 3.

Fig. 2. cross section of section- and agetic field in sections. a)

the first; b) the second; c) the tAird; d) the fourth and fifth

sections; e - supplementary section. Point 0 - the optical axis of

: section. weakenings in the sections are respectively equal to 650,
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3479 4000 2600, 0 (G). Gradients of sections 540, 150, 0.800, 400

(G/cm). Total gradients in the tield of accelerator 450, -250, -225,

540, 360 (G/cm). KEY: (1) kG.

Fig. 3. Section of majnatc elements/cells of regenerator and

magnetic field of regenerator SABdI (Gerad). KEY: (1) G/rad.

Page 184.

The expansion of the apertures of channel with the

4retention/preservation/aintainng of weakening and gradients within

the sections is possible only due to an increase in the

sizes/dimensions of the plates ot channel, which caused supplementary

difficulties during the compensation for the action of channel in the

region of normal acceleration. magnetic measurements were performed

with the aid of the equipment, uhich made it possible to carry out

the automatic installaticn of sensors and recording the results of

~measurements [4]. Field seasurements were made by nuclear

uagnetometer and magnetceter on the basis of the thermostatically

controlled Hall pickup. Median measurements were made with the aid of

two vertically oriented Hall pickups. During the first stage each

section was shimmed separately. After the assembly of the separately

shimmed sections and expcsure of channel with the aid of the filament

with the current along the axial trajectory was conducted the
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shimmering of channel as a whole with the aid of the shims, which lie

on the magnet poles for the compensation for formed

failure/dip/trough of field by value to 300 G all over length of

channel. The region of shimmering occupied along azimuth of 900 and

on a radius from 200 tc 325 cm. As a result of shimmering the

fundamental harmonic of field ccmprisid 2-3.10' to a radius of 325

cm, i.e., to the radius, distant on 2 cm behind the plate of the

first section.

For the adjustment cf the system of conclusion/output on the

beam was utilized the fclowing equipment: tester with small

ionization chamber for the stuay ot the throw/excess/overshoot of

particles into the channel, four testers between the sections for

obtaining the radio-signatures of the beam within the channel,

thermocouple tester for team measurement within the chamber/camera

and at the output of channel, icnization chamber with a diameter of

15 cm, arranged/located at a distance of -5 of m from the

chamber/camera, luminescent screens for the visual observation with

the aid of the television eguipmGnt. was observed critical depende.ice

of conclusion/output on the curtent in the supplementary winding,

which makes it possible to regulate the position of median plane. The

radio-autographs of beam are shown in Fig. 4.

The obtained at present coefficient of conclusion/output



it ,* I ...- . . ..,. ,, , ,,. , w:

DOC = 80069314 PAGE

I-

composes 25o/o at the intensity of the emitted beam of 6.1011

part./s. The density of bean in intermediate focus 2.1011

part./cm2 S., divergence 0.10.

I

-J
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Fig. 4. Radio-autographs oi~ beam. a) on tester 2; b) on tester 4; c)

cn tester 5; d) in the intermediate focus.
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146. SYSTEM OF RAPID BEAS DROPPING ON THE TARGET IN THE ACCELERATOR

OF THE INSTITUTE OF HIGH-ENEaGY PHYSICS IT3 ENERGY OF 70 GeV.

V. I. Gridasov, B. A. Zelenov, C. V. Kurnayev, E. A.f erker, K. P.

Syznikov, N. 1. Tarakanov. (Institute of high-energy physics).

On the accelerator of the IFVZ the generation of short-term

particle momenta for the experimentation with bubble chambers is

accomplished/realize" with the aid of the rapid discharge/break of

the accelerated beam to internal target. For these purposes is

utilized known method [1], which consists of the creation of a

rapidly growing through time magnetic field in the special deflecting

magnet, arranged/located in straight section. The special

feature/peculiarity of the described system lies in the fact that in

it is used the slow ircz aagnet with rise time of magnetic field of

approximately 1 is. Since for the works with the chambers/cameras is

required the very small intensity of secondary particles, it proves

to be sufficient to aim at the target only the part of the

accelerated beam. Guidance to the target ceases on the signal of

reverse from the band, that corresponds to the prescribed/assigned

number of particles in bubble chamber. Combination relative to slow
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kicker with the dosing aFparatus makes it possible to obtain a stable

from one cycle to the next number of particles in the chamber/camera

during the time interval by duration into several hundred

microseconds. On the other hand, tais decisicn considerably

simplifies the design ccncept of system and its electrical diagram.

The dependence between the deflecting force of magnet and the

beam displacement on the azimuza of target relied on computers taking

into account the objective parameters of the magnetic field of

accelerator employing tne procedure, presented in work (2). As an

example Fig. 1 gives the form of the distorted orbit in the region of

target location with the connected kicker by the force of 1.5 kae.m.

Fig. 2 shows the dependence of the amount of beam displacement on the

t azimuth of target from the frequency of radial betatron. Utilizing

two magnets, the shifted along the azimuth relative to each other

distance, multiple of quarter-wave length betatron oscillations, it

is possible by the appropriate selection of currents in them to

obtain the necessary divergence fox any azimuthal target iccation.

Te operating range of targets on a radius in the accelerator of

IFVE is +-5 cm. in order to reduce to a minimum the necessary force

of the kicker, rapid beam spill to the target is

accomplished/realized into two stages. During the first stage the

-Ni
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accelerated beam is fed to the target with the aid of the slow system

of the excitation of local magnetic bump in the boost clusters (3].

This system is switched cn it in advance and creates the necessary

beam displacement on the azimuth of target. Then with the aid of the

kicker is created rapid orbit distortion and bean is discarded to the

target. For obtaining the necessary intensity in the chamber/camera

it proves to be sufficient to jroduce rapid displacement to the value

smaller than the diameter of Deam, which composes several

millimeters. The remaining part of the bean consistently is aimed at

other targets, with the aid of which are conducted the experiments,

$ i which use a calculating proceaure.

The pulse C-shaped magn with a length of 1 m is glued from the

sheets of transformer steel with thickness of 0.5 an. The

measurements conducted showec that during the location in magnet gap

of vacuum chamber of the stainless steel with wall thickness of 0.4

4i ma the magnetic field within it at the frequency of I kHz is

weakened/attenuated not sore than by So/o. These data will agree well

with the calculations, carried (ut employing procedure [4). On this

basis/base the magnet was placed out of vacuum chamber, which made it

possible to avoid complicated constructive solutions.

The schematic of the power-supply system of the kicker is given

In Mr. 3. It encompasses the stabilized controllable rectifier.
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Energy storage occurs in the gap/interval between the cycles of

acceleration in capacitor banL C1. From the impulse/somentum/pulse,

accurately synchronized vita the accelerator, proceeds the discharge

of the battery through key/wrench T4 to the winding of magnet. The

special feature/peculiarity of diagram is the possibility of the

inclusion of current in the magnet with the aid of the

device/equipment, which doses the intensity of the particles,

discarded to the target. As the sensors of intensity are utilized

counters C1, C2, C3 (Fig. 2), established/installed in the channel

focusings of secondary particles.

I

S I

tt

4
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Fig. 3. The system block diagram of the supply of the winding of

magnet with dosing apparatus C1, C2 , C3 - scintillation particle

counters; *a, 2, *3 - shapers; 3 cc - triple coincidence circuit; P

- fan-out; PS - conversion system; DU - dosing apparatus; BU -

control unit; UIF- amplifier-shapaer; SIP - unit of the

impulses/somenta/pulses of ignition; BFU - unit of phase control; UOS

- feedback amplifier.

Key: (1). V. (2). External synchronization. (3). Discharge/break.

Page 186.

They ars connected through the shapers F with the triple circuit of

coincidence 3 cc, from output of which the impulses/soaenta/pulses

enter the fan-out R. All units of rapid electronics are carried out

i~
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on the standard zoduli/mcdules, accepted in IFVE [5]. From one output

of fan-out R the impulses/momenta/pulses enter the scaler PS with the

maximum speed of count 10 allz, as which is utilized an industrial

4 'instrument of the type EP-9. irom the second output of fan-out the

impulses/momenta/pulses enter the dosing apparatus which consists of

input unit of shaper and three decades/ten-day periods, constructed

according to system 1-2-4-8. 2otential outputs from the triggers are

brought out to the switch for the establishment of the threshold of

limitation according to count [6]. a'pulse/momentu/pulse, that

corresponds to the prescribed/assigned level of count, is

differentiated, is amplified and is formed/shaped with the unit of

UV. The unit of control BU accoplishes/realizes setting of the

necessary time interval of functioning units DU and PS, and also a

discharge/break of readings of the scalers of these units.

.I, Impulse/momentum/pulse from the output of the dosing apparatus

through the unit of UF enters the unit of the ignition of thyristor

key/wrench T3 and are ciened/disclosed i. In order to decrease the

decay time in the current in the magnet, with its circuit is

connected the additional capacity/capacitance C2. This seasure mad,'

it possible to increase the vulccitv of the removal/diversion of the

accelerated beam from the targat and led to the clearer work of the

system of dosage.

Were carried out the experimental tests of the described system
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together with bubble chamber. Fig. 4 shows the oscillogram of current

pulse in the magnet (lcwer ray/zeam) and the current pulse of

particles on internal target (upper ray/beam). It is evident that

after the ignition of key/wrench Tj on the signal from the dcsing

apparatus proceeds a sharp decrease in the current in the magnet. As

a result the trailing edge of pulse of current on the target is

obtained sufficiently tc staep/abrupt ones. The pulse duration does

not exceed 500 ps. Out of this interval of the background of

I particles it was not observed. Fig. 5 depicts the histogram of

loading bubble chamber from the counter readouts,

established/installed directly before the chamber/camera.

leasurements are carried out during the long time. It is evident that

a basic number of events corresponds to 4 particles with the scatter,

which does not exceed +-3 particle. The idle background of particles

in the chamber/camera within tne time of discharge/break it was not

observed. This mode/conditions proved to be satisfactory for the

experimentation with bubble chamber.

,!

- -
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F'ig. 4. Fig. 5.

Fig. 4. Oscilloqram of signal frcz monitor of particles (upper

ray/beam) ; oscillogram of curr'.entr pulse in magnet (lower ray/beam).

Time/temporary scale - 500 ps/cell.

, Fig. 5. Histogram of loading bubble chamber. Along the axis of

abscissas is deposited/ pcstpoaed a nu~ber of particles, which record

.[.-

:-.ofrom the cycle to cycle, along ths, axis of ordinates, the

~standardized/normalized density of the appearance of this number of

particles.

i.4

"N~

:2 ° " ....... .I
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147. System of the conclusaon/~output of electrons from the Yerevan

synchrotron.

R. 0. Ahramyan, L. A. Ananova, G. V. Badalyan, A. A. Dallakkyan, G.

S. Daniyelyan, S. K. Yesin, 1. P. Karabekov, V. 1. Kovalenko, A. A.

larkaryan, M. A. MartirosyaQ, Ia. D. Mersisyan, Yu. F. Orlov, A. G.

Sal'man, Kh. A. Simonyan.

(Yere van Physical Institute) .

0. A.,Giesev, B. Ni. Zhukov, V. K. Zagaynyy, A. P. Lebedev, V. I.

Sesnikov, B. S. tingalev, N~. A. Monoszon, B. G. riudlytngin, To P.

4 Nadgornyy, A. G. Nechaev, N~. S. IRezchikova, B. V. Rozhdestyenskiy,

Yu. P. Sivkov, A. S. S'tdarushx.in, M. M. Savorov, P. A. Fefelov.

(Scientifically research institute of the electrophysical equiipment

in. D. V.yEfremovi.
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The removal of electrons from the Yerevan synchrotron is

accomplished/realized cu t-he quadratic resonance at the frequency of

betatron . 51/3 (1 - 53. For tne creation of the quadratic nonlinearity

of field and for frequency shift or betatron oscillations are

utilized respectively sextupcla and quadrupole lenses (Fig. 1). As a

result of the resonant step-up the electrons are thrown into a

septum-magnet (SN) and removed by them beyond the limits of the

aperture of chamber/camera. Tha divergence of beam to the electron

conductor is accoplished/realize4 by the deflecting magnet (ON).

Beam focusing on the route of electron conductor is conducted by

quadrupole lenses L1 and L. The distributive magnet (RM), supplied

by direct current, makes it possible to guide emitted beam along five

different channels into the experimental hall.

The calculation of resonance of build-up was conducted both by

I I  the method of averaging £6, 7) and by numerical on the computers

"R;pdan-3". On the basis of calculation were selected the necessary

values of disturbances/perturbations. Specially was investigated the

effect of a comparatively rapid passage of betatron frequency through

the resonance value. It was explained that at the selected values of

the nonlinearity of field and duration of conclusion/output
'I

=(1.0-3.0) ms only the insignizicant part of the electrons (namely

those which they have amplitudes of betatron oscillations of less

than several ten millimeters) it can pass resonance without having
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swung. Divergence from the staility virtually does not affect the

step/pitch of driving.

I iDuring all calculations the aotion in undisturbed field was

considered linear. Fig. 2 gives the calculated distribution on the

phase plane of the particles, neglect/deserted for the septum with

the different field distcrtions. The calculated size/dimension of the

emittance of emitted beam is equal to (1-3) v, am- mrad. Real

throws/excesses/overshoots due to the natural nonlinearity of field

can noticeably differ frcm calculated ones. Therefore is provided for

the possibility of amplitude control and phase of nonlinear field

distortion. Phase is regulates discretely on +-410 by method of t'Ae

changeover of the polarity of sons sextupoles. As can bo seen fr0 )m

Fig. 1, phase shift between sextupoles on 16 harmonic of

, disturbance/perturbation is muitiple 2v/3. in combination with

, continuously variable control of the current of septum this

"I regulating of phase is sufficient tor obtaining the optimum

mode/conditions of ccnclusion/output.

In order to localize along the azimuth the place of the

throw/excess/overshoot of particles into a septum-magnet, not cutting

to deeply into aperture of chamber/ca2era, and, furthermore, to

decrease the effect of its own ncnlinearity of the field of

accelerator, in the location of septum is created local orbit

:1 -... ..-. .. . . . '_. .
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perturbation.

The calculations of routes from a septum-magnet to the output of

beam from the accelerator show (8] that the location of septum from

the outer side from the crbit leads to the passage of beam in the

nonlinear field and the strong distortion of its phase volume.

Although the location of a septum-magnet from inside lee.ds to certain

reduction in the effectiveness of conclusion/output, it was

acknowledged by preferanle. To the divergence of beam in a

septum-magnet it is 3-5 arad depending on the phase of nonlinear

disturbance/perturbation. Supplementary divergence to On is -30 arad.

After passage in the stray field of basic electromagnet the beam

emerges by sufficiently strongly dLiverging on the horizontal.

Therefore lens L, is arranged/located as close as possible to

accelerator.

Let us pause in scmewhat more detail at the separate elements of

the system of conclusicn/output. A septum-magnet has the laminated

core, the thickness of sheets 0.5 as. The overall length of magnet on

the iron 500 mm. Resistance of single-turn winding 3.10-3 ohm,

inductance 4.10-3 H magnetic intensity 1600 e in clearance 7m0 rm2 .

The cross section of a septua-magnet is shown in Fig. 3a. Frontal

conductor (septum) is made from the copper strip/film with a

thickness of 0.7 mm. Heat witndrawal is conducted through the copper
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lobes/lugs, which envelope tha water-cooled tube 0 10x2. Tube and

current conductor are isolated/3nsulated from the housing by

poliamide film.

A\

j1

%j
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LkA

d ,A' , ,.' //. .~ ~-, . M tA'

ig. I. Overall diagram of the system of the conclusion/output of

i electrons from the Yerevan synchrotron.

Key: (1). l agnet block. 12). tuaret. (3). Septum- magnet. (4).

, Deflecting magneto

, Page 188d

.17

iI i unnin-vater supply is carried out by two coaxil conclusions.

[ Decoupling with the vacuum tank is accomplished/realized through the

ii! bellovs..Are accepte d special measures f or the protection of magnet

under tae load in the case of the sudden cessation of water supply.

Iat ',

elcradia fitel disrbutan ion ie nFg.4 fetv

Ke:() antbok 2.trgt13.spu-mge.()
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thickness of septum is sca-what increased due to a reduction in the

field in operating regica i-4dz -t. This reduction was the result of

the location of current coaductor out of tha clearance Sm.

The deflecting magnet (see Fig. 3b) has a thickness of current

conductor 6 mm and screened outside by plate made of the carbon steel

with a thickness of 1 mm. The ccostruction/design of magnetoconductor

and running-water supply of the deflecting magnet is analogous the

construction/design of a septum-magnet.

4 i
~4 I

U.

i I

<TV
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2-2

+~~r Ui, "
.. I N2ey: (. ,7 (2) otmourad

I - ' "!i--..p Zd

N -1

i Fig. 2. The calculated distdibution of the particles on the phase

' plane, meglect/deserted to tbe septu. for six versions of the

, inclusion/connection of sextupoles (LSh -lens six-pole, LK - lens

I guadrupole).

i i  Key: (1). urado (2). iull,,rad.

Ii
-I
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BapHUHTbi ,1flpHMeaHe

26-27 40-41 42-43 10-11

_II + I + - + i

- + +

IV +-V *- ' - 4.

V +V i - + - I

Key: (1). Versions. (2). Gaps/intervals. (3). Nota. (L4. branch.

04

- q '-- I

44

Fig. 3. Leading-out magnets. a) a septum-magnet SP-139; b) - the

deflecting magnet SP-138.

Key: (1). Pos. in the light/world.
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Current pulses in the devices/equipment of the system of

conclusion/o-Aput are switched on with certain lead/advance in
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comparison with the maximum energy (Fig. 5). During the

conclusion/output the energy of electrons continues to change;

therefore for guaranteeing the permanent angle of deflection in SM

* and ON currents in them must change approximately/exemplarily

according to the same law. The quantum building up of the

oscillations under the action or synchrotron radiation does not

permit i-plemention of a conclusion with the energies 5-6 GeV after

the maximum magnetic field. Tais limits the duration of

conclusion/output by the value of 1.5-2 ms. A change of the energy of

electrons in the process of conclusion/output makes it necessary to

approach achromaticity of the focusing system and requires the

careful adjustment of the syncnrcnization of output units.

In the power-supply systems of quadrupole and sertupola lenses

the formation of pulses is conducted with the aid of dipoles, which

consist of the parallel-connected series circuits. Stability of

impulses/momenta/pulses at the apex/vertex to worse than +-0.5o/o.

A se ptum-magnet is supplied from the pulse generator, which

consists of the storage capacity/capacitance with the aid of which

4 ' are formed/shaped the pulse edges, and stairs type artificial lines

for the compensation for ohmic Icsses in the load. For the purpose of

V! obtaining the best shape of pulse storage capacity/capacitance and

artificial line are conrected ccnsecutive. system it makes it
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possible to obtain iapulses/momenta/pulses with the pulsations at the

apex/vertex not more than 10o/o with respect to the duration of

fronts to the apex/vertex not more than 0.25.

In the power-supply system of the deflecting magnet where the

porosity of periodic process is aqual to 1.4, the recharge of the

capacity/capacitance, whica forms front, is conducted through the

buffer capacity/capacitance, which makes it possible to ensure the

stability of the charge of Dasic capacity/capacitance and the uniform

loading of the phases ot caar.-jing rectifier. For guaranteeing the

recurrence of current in the magnets from one impulse/momentum/pulse

to the next is developed the sampled-data system of the stabilization

of the charge of capacities/capacitances, based on the current cutoff

in the charge inductance upon eaching of vtitage on the

capacity/capacitance of desired value. The selection of the final

versions of supply was conducted in the analog computers.

----- ----
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?MM20 10

I L

Fig. 4. Distribution of magnetic field according to a radius within

the clearance of a septum-wagnet Ln the center of the gap/interval

between the gashes* the "stop/pitch" of gashes. 1 - 15 am, 2 - 75 mm,

30=1600 vs (v=15 am, -distance from the septum).
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The parameters of impulses/momenta/pulses. (4). Diagram of

power-supply system. (5). Cycle cf acceleration. (6). ins.. (7). tocal
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i iept~u--agnet. (13). Is true. charge. (14). that deflecting magnet.
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For observation of team aa adjustment of output to the external

route of electrons were establisnea/installed the following

instruments:

a) a gauss-quantameter, walch gives absolute intensity of
I emitted beam;

b) slotted ionization chamaber, which gives the radial

center-of-gravity location of Deaa [9].-

c) the small low-quality resonator, tuned to a frequency of the

accelerating system of synchrotron (132.8 MHz);

d) scintillation counter r'th FEU;

e) the glass plates, which give the image of beam.

At the same time was provided the distance observations of the

phosphorescent glow, plottad/applied to the surface of septum, turned

to the equilibrium orbit.
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On 13 March, 1970, was fixed the emitted beam of electrons with

the energy 3 GeV by the duration of I ms. Fig. 6 depicts the

transverse size/dimensicn ot seam on the exhaust duct (3.5 m for 0M).

The effectiveness of ccnclusion/output in the first performances was

approximately 100/0.

At present is conducted wort on an increase in effectiveness and

duration of conclusion/output.

i. U. 13i zzarri. et a]. Nuovo cimento, 1966, 42, p. 639.
2. F.W. Brass e et at. 1963. CEAL-1006.
,Ba3. rton \I.Q.et al. VI1 Internat. Conf. on High Energy

.\ccelerators, Yerevan, 1969.
. .Schm it. L)ESY 65/18, 1965.

5. K. . Y'znikov, A. D. Artemov, et al. VII internazional Conference
on Energy Accelerators, Yerevan, 1969.

6. D. G. 'oshkarov, Yu. A. Globenko. PTE, 1967, No. 2.
7. A. V. Galchuk, Kh. A. Simonyan, et al. VII International Conference

on High Energy Accelerators, Yerevan, 1969.
8. G. V Badalyan, Yu. P. Sibkov, et al. All-Union Conference on Charze

Particle Accelerators. Moscow, 1968, Preorint EFi - UFT -8 (69), 19
9. G. A. Arakelyan, G. S. Vartyanyan, et al. nstru-ents and Methods for

Measuring Three--Dimensional Characteristics of External ARUS Beams.
See collection, Vol. IT.

Discussion.

K. A. Belovintsev. Which the required precision/accuracy of power

supply of quadrupole and sextupole lenses?

G. V. Badalyan. Required stability of current at the pulse apex t
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0.5o/o, the permissible amplitude of the pulsation of the same order.

A. A. Vorobyev. What effectiveness of conclusion/output it is

possible to achieve with the aid of your system?

G. V. Badalyan. As is kncwn, the effectiveness of conclusion/output

K=- where d - effective thickness of septum, wu - step/pitch

of the resonant step-up of the amplitude of oscillations near the

Iseptum. For the Terevan synchrotron &=1(1-2) am, Arij(5-10) am and the

respectively expected effactiveness of conclusion/output comprises

'60-80) o/o.

L. L. Gol'din. You carried out both the analytical and numerical

calculations of the building up of the oscillations of outgoing

particles. Did make it pcssible numerical calculation to obtain any

new data in comparison with tne analytical data?

G. V. Badalyan. Generally the method of averaging works well, when a

: ~change in phase and amplitude ot betatron oscillations with the

}i passage of one nonlinear field distortion is small. On the

latter/last revolutions before the throw/excess/overshoot of -

particles into a septum-magnet this assumption ceases to be valid.

Therefore the study of particle motion on the latter/last revolutions

and, in particular, the determination of the phase volume of emitted
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b~aam must be produced with metnod of numerical calculations. The

result of calculations by ETsVM, nevertheless, is conclusion about

the fact that the driving of the amplitude of betatron oscillations

will agree sufficiently well with the forecasts of the method of

averaging.

The method of averaging was utilized for obtaining the initial

data, and the future calculations were conducted with the aid '

ETsVM.

Fig. 6. Photograph of trcught-out electron bean to focusing.

/

I

Ii
.1
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148. Channel of the separated particles for 2-meter liquid hydrogen
J. ZN.e,

bubbla chamber 9 (calculaticn data).
!1

1. V. Sasoilov, Yu. M. Sapunov, A. I. Frolov.

(Institate of high-energy physics).

Channel is designed for the irradiation on the accelerator IFVE
.I ,/V..

of 2-meter liquid hydrogen bubnle chamber of in pure/clean

beans L,5,j,! + of particles in the range of pulses p-10-2 5 GeV/s. The

optical diagram of channel, represented in Fig. 1, and high-frequency

separator are analogous utilized in the acting in CERN ( 1],

Brookhaven (2] and installed in IFVE [3] channels of the separated

particles. Separator consists of three waeguide-deflectors, excited

on the hybrid wave EN1 1 , and works together with the rapid

conclusion/output of accelerated protons [4]. The basic calculated

parameters of separator, undertaken work [5], and the parameters of

channel gives below:

gizes/dimensions of external target (vertical line x horizontal

i length) ... 2x2 of 100 mm-.



Material of the target of ...to copper.

Angle of particle production ... 0, .

Acceptance angle of particles from the target into the channel:

the horizontal ... +-1.8 mrad.

S I
the vertical line -4.. - urad.

j The solid angle of the capture of channel ... 33 perased.

Relative pulse interval in the channel ... 4-0.25o/o.

Quantity of quadrupole lenses ... 17 (with a length of 2 m).

Quantity of the deflecting magnets ... 2 (by length 4 a) +1

(with a length of 3 a).

Quantity of colimators .. 10.

The linear magnifications: horizontal vertical lin.
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first pulse collimator . 0.50 -.

't j the centers of deflectors ... 1.42 5.70.

intermediate images after separator .. 0.46 12.00.

the second pulse collimator ... 0.71 -.

Dispersion of the image cf the target:

the first pulse collimator ... 5MM/73 =L%p

the second pulse collimator ... M1/L-m - =%I .° p

Full length of the channel (target - chamber/camera) 194.2 a..!

Quantity of LF deflectors ... 3.

distances between deflectors:

L -... 28.

4 1
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Length of deflector ... a 2.

Aperture of deflector 2., 2a=46 ur.

Vorking wavelength ... 10.7 cm.

Transverse pulse in the agiict: at er 20 i ... 23.7 GeV/s.

The use of any tuo deflectors makes it possible to derive of the

beam either one undesirable type of particles (single-particle

rejection), or two types tio-pazticle rejection) at the values of

i fpulses of those given in tas table.

S I

i I
IC j

I
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(I)
Y y e,7,,Ao.4

IY ii v v

I " ' i A ' '-

Fig. 1. The optical diagram of channel. 1 - external target; 2 -

first pulse collimator; 3 - deflector I; 4 deflector I1; 5 -

deflector III; 6 - cluster absorber; 7 - intermediate images; 8 -

second pulse collimator; 9 - bubble chamber.

Key: (1). Vertical line. (2). fcrizontal.

j I

V
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1he values of the impulses/mcmenta/pulseS of the separated particles

with the two-deflector separaticn (region p)7 GeV/s).

(1) Lr- 28i L=-42, %-- 7 0

Peweicum acT~ub4 i rn/ ,rh~ ('y2)4 )

n ho'acm'4 - 7,2-7,8 7.2-7,7 7,"1 7,6
HaA K 9.8-11,6 8,8-9,6 (,,,-9,

f 12,0-1-4,2 11,4-L2,3
L .5,- ,%,I

n'+  8%,4-9,8 7,7-.,A,3 7 -,

22,0-25,0 10,3-1. 2,0 , 2
9,!- 10(3

13, 3 -1 5,4

pp 13,0-25,0 7,7-J ,3 ,'-,1 1

10,3- 12,0
21,0-25,0

IlnyxqacIri'v at K 1,5 1,3 7,5 0,8 7, .,1

10,6 1,0 9,2 1,0 ',. 1 0,7

13,0 1,0 f,7 , 1
L 1,0 1,0

n:; 9,1 1,0 7,9 1,0 7,2 1,0

11,2 .,0 8,3 0,7
10,2 1,0
t.1,4 l,OPIP , ... .- . 8,ti 0,9

F'91: (1), Rejectio.. (2) Pazticles. (3) , Ge*V/s. ('4),

single-particle. (5) Twc-particle.

!

* Page 192.,

I For the comparison of effectiveness of two and three-deflector

II version of sspara!.r in the t&Le th6y are giveu relationship of the

corresponding to versions angular deflections of the separated

particles at one and the same value of the maximum power, introduced

Li
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into the deflector. In this case the angular deflections of the

separated particles are given to angular divergence ±6,, of the

undeflected beam in the first deflector, providing the condition of

optimum separation (1]. Fig. 2 depicts separative curves for the

isolation/liberation of one type at particles on the basis of of

three-deflector diagram (two-particle rejecticn) optics of channel is

optimized from the point of view of the possibility of the

realization of the maximum divergence of bean, permitted by the

geometry of deflector.

The relative composition of the unseparated bean and the

absolute flows of negative particles on the chamber/camera with the

energy of acceleration Sq=70 GeV were evaluated on the basis of

exprrimental data, obtained in IFV9 [6], cnd for the positive

particles - on the basis of calculations according to Trilling (7]

they were represented in Fig. 3 and 4.

I;

I '
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S Ii
K I i

Ih n e on. ve t cl1njt1v'-57,.a.2 8,-1-a1, X 1. m

*1 f ' \

j I '\

" ~ I \

$J Ii ii'

6 8 /0 /2 /4 /6 /8 20 22 2' PF/'Ic

I Fig. 2. Three-deflector -separatioa of particles (acceptance of

'bannel on vertical Line! +_ v =,'_5,7 8v). a.2 8, Z3 =7O, A=1.7 cm.

?1=23.7 Get/s.

Key: (1). mrad. (2). G41catric limit. (3). GeV/s.
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of unseparated particles of both signs of charge and from internal

target of accelerator - beam of the elastic scattered primary protons

with pulse in both cases of p435 GeV/s. Purthermore, is in principle

possible transportation from internal target to the chamber/camera

cleaned by the magnetic field of the accelerator of the beam of

positrons with pulse p-35 GeV/s (E0=70 GeV).

BEFERENCES

P. 3ern ard et ai. CERN 68-29, 966,
2. H.NV.J.F a el sch e et al. Rqev.Sci, instr., 1967,: ,679.

3. Z. N. Oalyayev, P. Bernard, et al. High Ener'c- Separated Beam
and HF Separator fcr !FVE Accelerator. Proceeding of VII
International Conference on Accelerators, Yerevan, 1969 CERN/

- D.Ph. !I Sept. 69-4, 1969.
4. K. P. Myznikov, et al. Preprint. !FVE SKU 68-57, Serpukhov,

1968; B. Koyper. et al. Systems for the Rapid Extraction of the
Serpukhov Accelerator. VII internation Conference on Accelerators.
Yerevan. 1969. Vol. !, p. 549.

5. V. M. Levin, et al. Deflecting System of HF Separator for IFVE
Proton Synchrotron. Vol. H.

6. F. Binon, S. P. Denisov, et al. Preprint !FVE SEF 69-78,
Ser-ukhov, 1969.
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Fig. 4. Expected flows of the separated particles on the bubble

chanbers/cameras with the energy of acceleration 70 GeV (flow of

'i priary protons 1011 pulses-, efficiency of target 0.1

Ap/p=+-O.25o/o, coefficient of the transfi.sion of cluster absorber

0.5: for n- they are given max-ium flows without the separation).

Key: (1). particles/pulse. (2). GeV/s.
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149. On some possibilities of the formation of the muon beams of high

energies.

I. A. Aleksandrov, Yu. F. Doreatsov, B. A. Dolgosheni, A. V.

Samoilow, V. A. Titus, A. A. erolov, I. A. Shukeylo.

(Institute of high-energy physics).

With the formation of the muon beams of high energies becomes

possible the use/application of the magnetized iron for purposes of

braking and focusing simultaneously, which can considerably simplify

the creation of matching systems.

Let us examine the limited applications of a lens, which is the

cut of the metallic cylindar, along which flows current I, evenly

distributed over the section with a density of 1-R - a radius

$'~ J of lens). The magnetic induction B within the cylinder has only

I azimuthal component and in the case of unsaturated iron is

proportional to the radius: B(-B( -m6jt - magnetic

permeability). This lens focuses or defocuses simultaneously in all

transverse directions.

~-1
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Let the particle mcneatum during the motion in the substance of

lens change as (? 0 -VL), that correctly with

% <e Po , (1)

where . - ionizing lossa- at the radiation length, z - longitudinal

coordinate in cylindrical system (i,.z), ' and z they are measured in

the radiation lengths. Tien in the case cf focusing equation of

motion in the plane #=ccnst takes the form

3il 1 (2)

Poe

where w , - radiaticn length. Its solutions are Bessel function

of the 1st kind the 1st crder %L:

Page 194.

Under the assumption (1) this decision with an accuracy to the

1st order in DC can be Fresented in the form:

ij where is determined frca the initial conditions. To account for

multiple scattering was utilized the function of distribution [ 1]

4( O Ao 5

where
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-4 -

E = 21,2 MeV, 9 - prcjectioa of angle (p') on the plane of motion

*=const.

The account of ionizing losses (F) and scatter in the mean free

path was conducted according to xncwn experimental data (for example,

see (2]). The numerical calculation of the parameters of muon beams

was carried out according to tau method of Monte Carlo. Let us

examine some versions ct the use oi such lenses for the formation of

muon beams.

I

1 i 1. Inhibiting muon channel.

According to the conditions for experiment it is necessary to

take into the channol a taximally possible flow of muons with the

impulse/aoentum/pulse po=2 2.66 Ge¥/s and without the considerable

losses to bring then tc the detector, after inhibiting to the energy

200-500 Me1. Let us ccapare the transportation possibilities of two

inhibiting iuon channels. isotropic- the consisting of 13.6 a
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unmagnetized iron, and the anisoztropic, consisting of the layer 0.8 m

unmagnetized iron and mucn lens cith a diameter of 20 cm with a

length of 12.8 a. Induction in the lens is considered as the linearly

increasing with a radius and its maximum value on the edge is

undertaken equal to 15000 G. Fig. I gives the envelopes of beams in

Nboth channels. A root-mean-square radius in the lens is everywhere

less than in the isotrcfic iron. It reaches maximum on first 2.5 m

and further nowhere it exceeds this its value. On inset of Fig. 1 is

given the effectiveness Cf circuits E (relation of a number of

particles, which fell to tne infinitely thin detector, to a total

number of particles, leaving trcm the target) in the dependence on a

radius of detector Rq. It is evident that the use of a lens of the

instead of unmagnetized iron makes it possible with the identical

count to decrease the section of detector 30-40 times. Aperture ratio

of anisotropic channel ,4000 star which is two orders higher in

comparison with the case Mlen for these purposes it is utilized any

of the acting pion channels IVEE (,for example, see (3] ).

2. Beam of pure/clean mucns.

Usually for obtaining the energetic-muon beam utilize the decay

pion channels, which consist of 15-20 quadrupole lenses. For the

isolation/liberation of the muons before the detector is placed

nuclear filter of the ircn or another substance, following it - the

_____I
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focusing objective. Use as the filter of muon lens makes it possible

to get rid of subsequent objective (doublet or more complicated

system of guadrupole lenses) and to directly focus beam to the

detector.

Let on the filter wita a tnickness of 8 a fall the parallel bean

from the impulse/somentua/pulse 30 Ge/s, shaped with the

preceding/previous magnet-o-optical system. The diameter of beam let

us accept equal to 20 cm. Fig. 2 gives envelope of particles in the

case of filter from the unmagnetized iron, its combination with the

doublet of quadrupole lenses 4nd in the case of the lens with a

diameter of 20 cm wit graaI.ant G=1500 G/cm. During the replacement

of the unmagnetized filter vita the doublet by one muon 2ens it is

possible to completely preservts tae parameters of beam.

V
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Fig. 1. Envelope of particles (solid line) and root-mean-square angle

(dotted line) in the isctropic (1) and the anisotropic (II)

inhibiting muon channels. on the fitting - effectiveness of channels

with different radii of detector RI

Key: (T). mrad.

'-

I_________ I I I ,

S 6 Fe / 3 S 7 SZ,v

Fig. 2.-Envelope of particles in muon channel; unmagnetized iron

(prime dotted line); unmagnetized iron and doublet of quadrupole

lenses (dotted line); mucn lens (solid line).

j_ I -_- .......: _ .. .
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Page 195.

3. Beam of pure/clean muons without the pion channel.

Large muon lens can combine the function of capture and beam

shaping, nuclear protection and subsequent objective. Fig. 3 gives

envelope of particles in che caanael, which is of the target, the

decay gap/interval the length of 200 a and muon lenses with a

diameter of 2 m with the induction on 15000 G edges. is given the

position of crossover fcz the partial beans p0=20, 30, 40 GeV/s, and

nonmonochromatic beam with uniior3 spectrum (30+-10) GeV/s. Evidently

that crossover clearly is observed not only in partial bundles, but

also in polychromatic beam wita considerable pulse scatter

(po+- 3 3o/o).

4. Focusing target.

Target for studying auon interactions with the large

transmission of impulse/somentuis/pulse represents the iron cylinder

with a diameter of 10 ca and with a length of L. Fig. 4 depicts the

case when to the target gives tha parallel beam of muons (po=30

GsV/s). Unbroken curve is represented the decrease of flow 'n along
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the unmagnetized target due to the escape through side walls. The

same dependence for the sagnetizea target with linearly buildiag up

on a radius induction B shows ttat the lens "holds* beam considerably

better. A change of the flow in this case is clearly correlated with

a change in the envelope - in the maximum of the envelope the

greatest losses.

At the high values of B(r) the iron of lens in the the

peripheral range is satuxated, Tais case was approximated in the

(calculations by the law ci the build-up of field in the form of

trapezoid. From the calculation it follows that the transition into

the mode/conditions of saturaticn can somewhat raise flow.

Fig. 5 gives the effectiveness of target in the dependence on

the length. It is evident that the use of the lens with a length -10

of a raises effectiveness in comparison with the unmagnetized target

;, Iapproximately 2 times.

I

I' RE EREBNCZS

i I L. :' ,,. . 14.W, 74, 1 , 5,
" . £l~:L t , rn h vi q, e r. Phy,. Hjy., "90.) ! T, U5:

", :959. 115, 1 .

J. -,.G 1. b, , lJ. a .n ft. \uc.lntr.,nd ,Iethods, 1965,
" .3,,S; I. Ln;c,C~l1N, 19c4,o4-47.

3. . A. Aieksandrov, M. T Grachev, K. • GObriyenko, et al.
?reprint !FVE OP 69-36, 1969.

._
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Discussion.

L. L. Gol'din. what value currents must be passed through your

1 lenses?

I. A. Aleksandrov. If vr are restricted to fields 12-13 kg on the

edge, then currents an tke order of I kA. With further increase in

the field the required currents sharply grow/rise. Thus, if fiald on

the edge 15-16 kg, then currents already on the order of 3 kA.

1

I
t

, _ _ _ __ _ _ _ _ _
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Fig. 3. Envelopes of partial and polychrovatic beams in the muon

channel with the lens vitn a diameter of 200 cm. a) the length of

4 leas is 3.75 m; b) the length of lens 7.5 a; c) the length of lens

11.25 a; I - 20 GeV; II - 30 GeV; III - 40 GeY; polychromatic bean

(30+-10) Gel.

I"
I



DOC =80069315 PAGS i

-I 1
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Fig. 4.* Change in flow ef zuons n along the length of muon target.

1 - isotropic detector: 2 - lens with a linear increase in the

induction from a radius; 3 - saturated lens; 4 - envelope of

particles in the unlimited in transverse direction of lens with the

linear build-up/growth of induction. On the fitting: the

build-up/growth of induction on a radius of that extra-saturated (I)

and saturated (II) leases.
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Fig. 5. Dependence of effectiveness of moun target E on length.

Designations the same as in Fag. 2.

I

I

I
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150. Diagram of obtainiag aati~rotons on an installation with

opposing proton-antiprctoa ueams.

G. I. Budker, T. A. VsevcLozhekaya, G. I. Silvestrov, A. N.

Skrinskiy.

(Institute of nuclear paysics oi the Siberian Department of the AS

USSR).

The project of obtaining tae intense beam of antiprotons for the

experiments on the opposing protoa-antiproton beams with the energy

2x25 GeV in the installation 'APP-NHAP assumes the accumulation of

antiprotons by the method uf electronic cooling [1 with the energy

1.8 GeV in the intermediate accu muJator/storage NAP.

The actualization cf project requires the development of the

series/row of the complicated impuises/mcmenta/pulses of the

magneto-optical devices/equi~ment, what is by partly developing in

,,, , I
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with Novosibirsk the institutE of nuclear ohysics of program on the

use of strong and ultraFcwerfui (megagauss) pulse magnetic fields in

the accelerative technclcgy.

In the present worA ara 9xamined questions of formation and
introduction/input intc tne accumuiator/storage of the bundle of

antiprotons with the energy 1.d k;eV and the focusing to the target of

primary protons.

Antiprotons are obtained in external target with the aid of the

proton beam, accelerated to 25 GeV in the basic ring VAPP and then

released and focused tc tne target. In this case the selected

relationship/ratio of energies cf antiprotons and primary protons

close to the value, which corres~onds to the maximum of the

generation of antiprotcns in the case of target from heavy substance,

as it is possible to ccnclude from the experimental data for Pb,

given in work (2].

The angular distribution ot antiprotons with the energy 1.8 GeV

according to the data of this worK, extrapolated into the region low

Ienergies of secondary particies, can be expected by close one to the

Gaussian with root-mean-square angle AI" ,,, rad.

V: Total number of antiprotons at the output of target on the

lj
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assumption that entire path to its end/lead they pass to target

materials, depends on the length of target as . and reaches

maxium - the section of inelastic interaction of protons

and antiprotons with the tazget nuclei, A t - production cross

section of antiproton witn tha impulse/mouentum/pulse in the assigned

time interval (p, p+Ap) n - nuiuner of nuclei into 1 cm3 ) when f= .L.

to the length of inelastic auclear interaction.

The root-mean-square eaittance of antiprotons i under the

assumption of infinitely thin proton beam, increases with the length

of target proportional to unit (q=.92) also, with the dyne 1=10 cm,

which is approximately/exemplarily equal to the length of inelastic

nuclear interaction in the tungsten, it is 225 mrad cm and has a

form, shown in Fig. 1. It is ouvious that with this emittance the

anti-proton beam cannot be aftective seized in the

accumulator/storage.

For increasing the capture afficiency in rYaF of SO AN USSR is

developed/processed the mattiod of the beam shaping of secondary

4! particles directly on the target ay the method of the transmission on

it of large (-106 A) current. Tha appearing magnetic field does not

make it possible for particles to be driven out from the axis/axle of

system, forcing them to csciiiaiza within size/dimension

' ma 8ro , where 0 radius cf target, Ho field on its surface,
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as 9a it is possible tc take tne rms value of the angle of the

generation of antiprotcns.

The emittance of team in tnis case does not depend on the length

of target and is determined ouiy Dy the gradient of magnetic field

and by the width of the angular distribution of antiprotons.

I

__I
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Fig. 1. Emittance of the neam ot antiprotons at the output of the

target with a length of 10 cm. I - without the field in the target; 2

- in the field in the targez with gradient VH=!,3.10' Oe/Q.

Page 197.

In comparison with the target without the field occurs the decrease

of the emittance of beam, taat it does not ccntradict Liouville

theorem, since secondary particles are born directly in the magnetic

field effect of which cn tne prizary protons can be

disregarded/neglected (in tue iirst approximation,) in view of the

I large difference in the energies and the smallness of the phase

volume of proton beam, which makes it possible to focus it into a

small size/dimension at tae entira length of target.
i

In the case in question the root-mean-square emittance of

anti-proton beam decreases to -50 cm mrad during the creation in the

, target of magnetic field with gradient VH- i,3.l0 7 0 e / Q. This it

requires current density in the target into 220 kA/MM2, with whichtagto antcfedwt rdetV ,.o e2 hsi

IS
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the repeated use of a target is impossible.

Therefore it is proposed to utilize a target once with the

automatic replacement cf its new for the time between the cycles,

which is determined by the rate of "electronic cooling" and is -100

s. It is essential only so that the decomposition of target would

occur after the first maximum of current, which can be

achieved/reached for the sufficiently short duration of the

half-period of current, since the development of strains in the

target is iteration prccess.

?rom the results, achieved/reached by us at the present time,

should be noted obtaining tiela into 1.3 MOe on the surface of rod

from tungsten with a diameter of 2 mm for the duration of the

half-period of current in 1.35 ps. In this case occurred the

full/total/complete evaporation of target, which began, however,

after the maximum of current, as it is possible to conclude from the

type of oscillogram. In the field into 1 MOe it was observed only the

partial decomposition ct target in the bearing edge.

The short duration of tne iaalf-period of current unavoidably

advances a question about tae heterogeneity of current distribution

according to the secticn ot target. Actually/really, for the duration

V of -1 ps the thickness cf skin-iayer in the tungsten is -0.2 am.
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However, heating targets to tne temperature, close to the melting

point, leads to an increase in the specific strength of materials of

target, so that skin-layer aeccmes comparable with its radius.

The task of the focusian of protons to the target into a small

size/dimension at entire its lanjth in the case of target with the

current becomes complicatea ry the defocusing of proton beam in the

target and requires for its execution sufficiently strong lens. In

our case the proton beam wita emittance 9 = -o:4 rad cm can be

focused into the root-mean-square (along the length of target)

size/dimension of +-0.-5 ,mm wicn lens in focal length approximately

25 cm.

With the energy of protons 25 GeV this lens can be based only on

the axisymmetric focusing wita the field of fcrward current, with the

Spossessing maximum fcccsiny force. The developed/processed by us lens

is rod with the current from neryllium or titanium with a diameter of

1 cm and with a length Cf b-8 cM, with the field on the surface to

300 kOe.

For the collection from the target of the beam of antiprotons

with the angular divergence +-0. 15 rad and the scatter along the

impulses/momenta/pulses in several percent is required the lens not

only high-aperture, but also sufficiently short-focus, that the



DOC =30069316 PAGE

angular scatter at its output, caused by chromatic aberration, would

not exceed phase angles in the beam. For this purpose is

developed/processed exrlcsive parabolic lens with focal length of -20

of cm, with the current -1.5o1Ub A and the field to 600 kOe. The

current surfaces of lens serve simultaneously as the electrodes of

discharger/gap, moreover explodes only the Pxit surface of lens,

which has the form of plane and tnerefore easily changed [3].

The accumulator/storage of antiprotons is a racetrack with four.7
long straight sections (length m with a radius of quadrants R=3 m),

A

cne of which it is abstracted/removed for injection and

conclusion/output of antiprotons, and the others for the electronic

cooling and the resonator. rbhe magnets of quadrants have zero

gradient and edge focusing, symmetrical relative to the centers of

' quadrants, what provides constancy q - to function in the linear

Igaps/intervals, necessary for the successful "cooling" of

* antiprotons.

The aperture of accumu.Lator/storagg A%, AQ -- :s2 ., akes it

possible to seize beam of particles with the emittance to 70 mrad cm

and scatter along the izpulses/mcmenta/pulses Ap/p=+-2.5010 -2 .

The conditions for "electronic fading" require the minimum

energy scatter of particlas at eaca point; therefore admitted beam

-,__I
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undergoes chromatic dispezsion ia accordance with values q -

function in the linear gap/interval of accumulator/storage. As a

result the scatter on +he impulses/momenta/pulses at each point does

not exceed Ap/p=4-0.6o/c.

The chromatic dispersion cf the admitted beam is accomplished by

the rotary magnet n, (see Fig. 2) and following after it lens L,

whose focal length is ccaaectsd with the angle of rotation o and the

index of a field slope n of magnet and with theqp-function of

accumulator/storage by relationship/ratio F---- "-

The introduction/input of particles into the accumulator/storage

is conducted in the beginning of intake gap/interval on the vertical

line from belov by magnets 12 and M3 (Fig. 2), upper playing the role

of a septum-magnet in thickness cf wall of less than 1 cm. Admission2

at the entrance into the quadrant, optimum for the stress/voltage on

the inflector, would cequire the duplication of the vertical aperture

of accumulator/storage, since tne emittance of the admitted beam is

virtually equal to the admittance of accumulator/storage *

FOOTNOTE 1. The capture of seam with this emittance is feasible with

the pulse sinchronizaticn of inrlector with the moment/torque of

passage by its previously stackea beam, so as to the latter would not

fall in the field of intlector. iNDFOOTNOTE.

-4
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The presence of lcng gap/interval makes it possible to inject

beam at small angle to the mediau plane directly into the inflector,

arranged/located in the same gap/interval. iz this case the shock of

inflector it must be increased approximately 1.7 times in comparison

with the optimum diagram of injection [4]. Furthermore, the distance

between the plates of inflector aust be equal to the doubled aperture

of path/track, which even more increases stress/voltage on the

plates, namely of up to approximitely +-500 kV in the contrary

traveling wave.

For decreasing this value it as proposed to carry out .n

injection through the plate of inflector as follows: space between

the plates can be divided into two fields - field of the aperture of

the accumulator/storage wnere iivas the seized beam and the field of

inflector must be created in tne form of impulse/momentum/pulse with

the duration smaller than the period of revolution, and by steep wave

1.1 fronts, that also present basac difficulty, and the region, which is

located lower than the arertuze where it is possible to create

quasi-permanent magnetic field into -300 e, that ensures the

corrective turn of the lcwez part of the beam.

Page 198.

2"_
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These regions are separated ny current partition by the thickness

into several the tenths of millimeter, through which the beam is

passea virtually without tna losses. This partition is the upper Dart

of the volumetric plate of infiector and the -knife. of unusual

septua-magnet, which is locateu within the plate. This method of

injection substantially decreases the difficulties of designing of

high-voltage oscillator for tne inflector.

The described diagram of ontaining nd injection of antiprotons

will make it possible tc gather all particles in the root-mean-square

angle of generation in the prascribed/assigned momentum range and to

bring the coefficient cz capture into the accumulator/storage to

.. 10i
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Fig. 2. Diagramn of the irjection oi antiprotcns into the

accumulat'-or/storage. 1i1 - zotary magnet; L, - lens; M2 and M3 -

intake magnetic 1 - magueti.c accumulator/storage; 2 - upper plate of

inflactor and position cf lowaz (dotted line) with the admission with

that doubled distance tetween tha plates; 3 - separating current

foil; 4 - current busbar/rire ot septum-magnet; 5 - volumetric lower

plate in the case of the aamission through the foil.

3EFER ENCES.

1. G. I. Budker. AE, 1967, 22, No. 5.
2.D. Dekkers, et a!. Phys. Rev. Ser 0 ~5 3.N~3 .92
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Sili'vestrov. Parabolic Lensis for the Focusing of Secondary
Particles with an Fner'gy of Several GeW. See this Collection,
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Trudy All-Union Conference on Charged --article Accelerators,
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151. Aberrations and allowancea in the system of the

monochromatization of the external beam cf isochronal cyclotron.

Yu. G. Basargin, V. I. Bcjdanova, 0. A. Linyaev, Yu. P. Severgin.
A

(Scientific research instituza of electrophysical equipment im. D. V.

Efremov).

N. I. V'enikov, N. N. Posei'sij, Ya. M. Khodakov.

(Institute of atomic energy im. I. V. Kurchatov).

The description of system edrlier was given in work [ 1), where

also are contained the resuits cf the ion-optical calculations,

carried out in the linear dpproximation/approach, whence follows the

possibility of the tenfc]d decrease of energy scatter, if the phase

width of monoenergetic ion clusters does not exceed 60 at the

entrance into debuncher. The present communication/report supplements

work (1] by the results cf the calculations of the longitudinal and

transverse aberrations of the second order, which appear with wiring

of the bundle through lcngitudinal separator-achromatic rotary system

(see figure). ?urthermcrs. are evaluated allowances.
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Calculation method.

las integrated the system of three equations, which describes

with an accuracy down tc tne tarms of the seccnd crder of smallness

particle motion in the curvilint.z system of coordinates [2]

h2-nh - h+ --

"+ rih Z _ _( -ti)h Z+ h' mh' 'z+ h'2'+

Page 199.

Here x and z - horizon-aal and verticals deflection from the

basic orbit; • - thi lcngitadiaal deflection of particles from the

centar of gravity of cluster; a - curvature of basic orbit; 6 -

relative heterogeneity cf impulses/momenta/pulses; n,A - respectively

generalized the field index and tne coefficient of its quadratic

nonlinearity; T - relativistic factor; f* and & - functions, which

consider the divergences of the parameters from the ideal ones;

differentiation is produced cn the arc of basic orbit.
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Referencs point fcc Cu aoz3.zontal and lorgitudinal motions was

undertaken at a distance ot -3.0 a befove magnet, m, (see figure) ;for

the vertical motion this uixstdnce is equal to -3.6 mi. At the points

indicated is assumed the distribution of initial conditions on the

phase rolling planes within tne rectangles with the sides

2zo0 ,1CM, QZ,0-0,ScM*; 2ml' 2.o-,

The hetarogenaity of impuises/momenta/pulses is assumed to be equal

to 6=+-1O-3. In the calculo-..ions were utilized the geometric and

magnetic parameters of system, indicated in C',]. Coefficient 0 in

270- degree magnets is acceptbd equal to 0.69 (conical of pole).

Quadratic corrections for the focusing by the fringing field of

sector magnets were introduced undier the assumptiou of "rigid"' edge.

With the beat boundary of rotazy magnet with field R,, in basic orbit

the effect of a radius of Dending a is equivalent to effect from the~

sextu pole lens of length I with the "gradient" ±. if is

fulfilled the relationship/ratio:

a zi 2R "

2. Axial motion.

Longitudinal divergence of particles relative to the center of

gravity of cluster is calculatsd at the output of system after magn~et
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Smin the point, the symietrical initial. With an accuracy down to the

terms of the second order of swallness this divergence (in the

centimeters) is expressed by the dependence

i~ ~ ~ ~ ~~~6 6 6"- 751046+ -1""lS 1'0

[ 'J o
-11,4.103 55 +I-3,6-10's 1 29

0,0. o 1 ' -3,3s.1o0i0 ~46,4;x

T, 4.,O42 v,99O1 ' 25,5 i
'Zo +12o + 20o,-5,8 - 1

The second termu ccrres onds tc the efficiency of the

longitudinal separation of particles on the impulses/momenta/pulses.

which reaches *-75 cm. The upjez valaes of coefficients correspond to

the connected corrective sextupoia lenses. in this mode/conditions

the maximum aberrational broadening (shift) of clusters reaches 26

cm, which corresponds to zhe Droadening of monoenergetic clusters to

inadmissibly high value cf 130. The greatest contribution introduce

in this case the terms, proportluaal to 62 and 6x1 o. The parameters

Ii  of sextupole lenses are selected for the purpose of becoming zero

appropriate coefficients. For lenses SF2 and SP1 2 dimensionless

parameter -2FTF-7;for lenses SP3 and SP' 3 it is equal to 0.0454

(length of lenses 1=40 cm). In the compensated mode/conditions (lower

coefficients maximum aberrational broadening is 0.6 cm or 0. 30 on the
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phase.

3. Transverse motion.

At the output of s~stem tae parameters of transverse horizontal

motion with the connected sextupole lenses are determined by the

expressions:

O_ 2,57- 2  1,04 10 '2+ 58162, +0 0

• 5,,5 'z.3.- o -0,1 10z0' - 44 - 1056'-

,.=6, 97. 0-9" "o -  - 0,/ •1" "'o++,1"0 ¢ + 0,3" +

+ 1,4 6co - 1B97 &'-8,4 10-3 2'2 + ',. o-0,06 zoz-!0

T - 0,13" 10362.

From these expressicas it is evident that at the point of

horizontal focus the aberratioral Droadening composes not more than

0.8 cm and aberrational angle not more than *10- 3 rad. Similarly the

calculated aberrational broddening z at the pcint of vertical focus

is not more than +-0.4 cm and the aberrational angle z' is act more

than +-2*10-' rad.
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system of monochromatization.

Key: (1). From the cyclotron.
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The optimization ci the ab-arrations of transverse motion is

possible by the selection of tue parameters of the six-pole lenses

SP ind SP11 , which do act affect longitudinal motion. From the

estimations conducted it follows that the start of these lenses

decreases the linear and aiiyuldr aberrations

approximately/exemplarily aoubly.

1 4. Allowances.

Were carried out the calculations of the
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disturbances/perturbations, caused by the imperfection of the

geometry of system and by the temporary/time instabilities of

magnetic fields.

The inadequacy of geometry leads in limits of accuracy of

calculations only to the staticnary longitudinal shift/shear of

center of gravity of cluster ana it does not affect the resolution of

the diagram of monochrcmarazaticn. However, it gives the lateral

misalignment of beam at cutput of system. Geometric allowances were

estimated, on the basis cf the saximum root-mean-square

disturbance/perturbation ot tne angle of axial trajectory, equal to

+-10-3 rad. Allowance fox the transverse displacement of the magnetic

axes of the quadrupole lenses %, Q!, and Q2 is +-0.1 mm, the

longitudinal displacement of these lenses must be not more than +-2

mm and rotation relative co center is not more than +-10 - 3 rad.

Allowances for transverse displacements 270- and 90-degree magnets

are +-0.5 mm, longitudinal displacements +-2 mm and angular +-10- #

rad. Allowance for the value ot the index of a field slope in

270-degree magnets ccmEcses +-0. lo/o. The geometric allowances

I indicated can be provided with both the use/applicatioa of means of

I geodesy and with use of tae corrective windings in the lenses and in

270- degree magnets.

The temporary/time iastanilities of the fields of rotary magnets

--I
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lead both to the instability or tne longitudinal position of clusters

and to the unsteady lateral misalignment of beam at output of system.

To the latter/last effect it leads also an inaccuracy in the setting

up of fields in the magnets with the control of energy. If four

rotary magnets are excited from the independent power supplies, then

with the stability of fiel ;.a aach magnet (M, M4'1 , a,, m'1 ) +-2-10-

and the samp precision/accuracy of the setting up of field will occur

instability or +-0.60 F.ase o4 cluster in debuncher and instability

+-210- 3 rad of the inclinatioa/siope of the axis/axle of beam at

output of system. With the seri~s feed of the excitation windings of

all four magnets from cne source in view of achromaticity of system

generally is absent the later4l. mzsalignment of beam at output of

system. In this case the inszaDility +-210- of field current leads

to instability of +-0.80 phase of cluster; is permitted the

precision/accuracy of +-10- ' settings up of current with the control

of energy. The stabilization or coil current of quadrupole lenses

with precision/accuracy +-10- 4 is more than sufficient.

Allowance for the phasing of resonators of +-1O; allowance for

the amplitude of stress/voltage - +-2-10- 3.

5. Conclusion.

Results of the calculations of aberrations and allowances

V
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confirm the possibility of the teafold decrease of the energy scatter

of cyclotron beam with phase width of 50 and with the transverse

emittance 30+40 mm rad. Upon the start of sextupole lenses the

aberrational broadening cf clusters does not exceed 0.50 and

effective transverse erittaacv is not more than twice. Allowances for

- the geometry of the elemccats of system and for the stabilization of

magnetic fields are virtualiy iulfilled.
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152. Procadure of beam extracticn on the accelerator of "Nimrod".

D. Grey, LI. Harold, R. Mcrgdn, N. Knig, M. O'Konnel.

(Rutherford high-energy laboratory, England).

tav introduction.

The proton synchrcron of "Nimrod" to the energy 7 GeV with the

intensity 2.5.10,2 protons per pulse has three lines of beam

extraction (Fig. 1). Two of them (X1 and X2) work from one

deriving/concluding magnet. At the flat/plane pulse apex the current

of magnet they change cvez, providing rapid beam spill for line Xl

and slow discharge/break for lines X2. Third line (X3)

services/maintains new experimental hall and it emerges at angle of

900 relative to line Xl. Until June 1970 for both channels was

utilized the achromatic method cf conclusion/output (1] without the

energy losses and the eftectiveness of conclusion/output were usually

approximately 30o/o. For each caannel, except the deriving/concluding

magnet, is necessary plunger quadrapole lens. Since more than 80o/o

circulating beam utilize for tiie conclusion/output, were developed

, the test plans of other two methods which must increase the
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effectiveness of conclusion/out ut.

Page 201.

The first of these methods, named "Piccioni's diagram with the

thin shielding partiticn" [2), were developed to January 1970 and was

utilized on line X3. The seconi method "resonance conclusion/output"

[3] was also tested, but for its optimization were necessary further

investigations.

Piccioni's diagram witih the thin shielding partition.

As it follows from tte name, this method requires the use of

plunger deriving/concluding magnet (XM1O) with the thin shielding

partition which in practice has a thickness of 11 mm (Fig. 2). Beam

they guide to beryllium target with a length of 1.85 cm, the most

probable energy loss in which is 5. 1 MeV. Due to an abrupt change in

the closed orbit the large part of the beam enters in XM10 for one

revolution later and is aeflected/diverted in the direction of

half-quadrupole XHQ2, 1ccdtEd -'i ;he fringing field "Nimrod" (Fig.

3). This quadrupole partly removes the large radial divergence of

beam, introduced by fringing field. Further protons enter into the

first elements of the line of Deam extraction.
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The starting/launching of diagram with the thin shielding

partition was considerably entreated by the use of a system of

cybernetic control, put into operation six by months earlier. Was

first introduced current ramp in XHQ2, which made it possible, to

accelerate normal bear wita tae iatensity 2*10 32 protons per pulse to

the energy 7 GeV. The fears tnat this will prcve to be difficult

operation/process due to the interaction between "Nimrod" and

quadrupole lens, proved to be unsubstantiated. From the very

beginning it became possizL to accelerate normal beams, supplying

XHQ2 by direct current. However, bacause the attracting forces force

quadrupole lens strongly to be sbifted/sheared with each

impulse/momentum/pulse of "Nimrod", it it was necessary to displace

relative to nominal position oy 2.5 cm. Possibly, this causes certain

loss of beam. At present is developed/processed the more durable

holder for the quadrupole lens, which will make it possible to set it

in the optimum position. The coservation of beam is produced with the

aid of the scintillators, placed before and after XHQ2. The results

of observations confirm tha conclusion that XHQ2 will cost not in the

best position, since th.e neam interferes the far end of the neutral

pole.

However, after the optimization of the length of beryllium

k target first time it was possiole to derive of "Nimrod" 1.0*101a

prctons per pulse with the effectiveness only below 50 0/. After

U
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this on entrance XHQ2 they set toil irradiation by which showed that

the beam has an expectea form and a size/dimension and corresponds to

66o/o of circulating beaw. Tbus, the gear ratio of the line of beam

extraction, which switches on XdQ2, composed 76o/o. It is known that

XHQ2 turns the beam apprcximately/exemplarily on 3 mrad. This

rotation they compensate o, tne supplementary quadrupole leas XHQ3,

which ensures furtner focusing. However, can prove to be sufficfeit

set instead uf -HQ3 the small deflecting magnet, whict will be that

more moving rap Aly, cleap and less complicated. it is assumed that

this will make it possile to raise the effectiveness of

conclusion/output to 60o/o.

Resonance conclusion/ott azr.

Theoretical studies showed tmat It is possible to

derive/conclude beam alcg the existing lines Xl and X3, utilizing

resonance with Q.-2/3. Real±zation of this became possible after the

sattiag up of the deciving/concluding magnet with the thin shieldingf
partition for Piccioni's modiflea diagram. Vertical-plunger mgnet on

the field 2 kHz ir arranged/located to one octant before XM10, and it

has th,: sh3.b.ding partition with a thickness of 2.5 cm (Fig. 4). With

( the emergence of resonancu the protons, which passed through this

shieling p.,rtition, are deflicted/diverted to inlet XM10 and then

they vill be ejected ncraally.

i
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Fig. 1. The diagram of the layout of the sections of the

conclusion/output . the accelerator: 1 - plunger magnets; 2

plu rger quadrupoi lnses; Xl, 12, X3 - channels of emitted beam.
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Fig. 4. Vertical-plunger magnet in field 2 kg.

Page 203.

Since "Nimrod" is accelerdtor with the large aperture, for the

I. control of field gradient and for obtaining the necessary sextupole

component of the seccnd haracnic utilize the pole windings. Field

gradient in the aperture or "Niarod" with the intensity/strength 14

kg is shown in Fig. 5. Cn radius R. the field index n is equal to

SI
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0.7, which considerably exceeds tae resonance value of n 1 3 =0.647.

With the approach to tha resonanca from the side of the higher values

of n an increase in the amplituae is limited to the large octupole

component of field (Fig. 6), in ccnnection with which before

beginning conclusion/ott~ur it is necessary to bring value of n

approximately/exemplarily to O.o. iith the approach to resonance from

the side of this lower value n tor the protons affects the

average/mean field gradient, which approaches n13 in proportion to an

increase in the amplituae, so that resonance is unconfined by useful

aperture. With the apprOxiMdtion/approach to an external part of the

aperture gradient they suppcebs, utilizing another pole winding,

which creates the small Ilreiy setupole compcnent of field. This

allows as one of the pcssible methods of discharge/break to direct

beam into the unstable region. Another method of discharge/break in

question consists in hcl ;in ot ream on the circumference of a

permanent radius and in an adjustable manner to increase n to value

of n213 for the elongation/extent of flat/plane pulse apex.

The width of the circulating beam varies from 12 to 15 cm. Since

the region of a good field ccmprises the majority of the cases of

altogether only of 20 cm, remains little place for the beam

displacement. FurthermcrE, it is not possible to allow the

penetration of protons tco far intc first magnet (RX3), since the

nonlinear leading field cn these small radii will distort the

S 'I

!u
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characteristics of phase space upon transfer from RX3 to XM10. For

this reason rLX3 they estabiLsi,/Instal! close to inward flange of

beam. As a result the ccipresscn in three revolutions on a radius of

the shielding partition is changed in the process of discharge/break

over wide limits with tue decrease of size of stability regicn (Fig.

7). Another deficiency/lacx is a large change in the divergence of

the concluded beam with the discndrge/break (Fig. 8).

The first tests of tdis diagram were moderately encouraging. The

method of discharge/break consisted in the confining of beam on the

circumference of a permanent radius and increase n to n4 3 . The time

of discharge/break was approximately 100 ms. As it was expected,

proved to be to difficult control neam at the flat/plane pulse apex

without the premature losses; nchever, from 50 to 60o/o of

circulating beam it was posslDe tc transmit to external target where

was obtained the spot cf a gooa quality. The measured

sizes/dimensions of spct ccmposed a total of several millimeters in

both directions. The fcil, irradiated at the entrance into XH*Q2,

racorded 70o/o of beam, tut it aetucted the divergence of beam from

the horizontal axis (Fig. 9).

."'
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Fig. 5. Field gradient in icceierator of "Nimrod".

Key: (1). n with 14 kg without the correction. (2). n after setting

up of pole windings.

Fig. 6. Octupole component of field.

Key: (1). mrad.
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Fig. 7. Decrease of windiag of staDility during compression.

Key: (1). mad. (2). Shielding partition.

Fig. 8. Change in divergence of concluded beam with discharge/break.

Key: (1). mrad. (2). Shielding partition.S I

Page 204.

The detailed laying out cf the protons through the line of beam

'1 extraction thus far it was aor. carried out, so that it cannot be

said, it ioes lead this divergence to the serious losses of beam.

Divergence is explained either Dy the errors for the leading fisld in

V.
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the median plane or by connactioa/communication with nearest

resonance zQ, - Qv i. Further prcgram provides the detailed studies of

different methods of discnarqa/.raak, optimization of currents in the

pole windings and the ccntrol of the radial position of plunger

magnets. Is planned/gliued co aiso replace RX3 with the magnet, which

contains the cooled on the periphery shielding partition by the

thickness of altogether cnly of 1.2 mm. In this stage it is not

possible to predict final effectiveness - for this it is necessary to

fulfill still much work.

Diagram with the energy losses on the thin shielding partition

*in essence justified authors' expectations. It is assumed that after

the setting up of the mentioned above deflecting magnet will be

achieved/reached the effectiveness of order 60o/o. Since in this case

will not be required the piungar quadrupole lens, is decreased tiue

to the maintenance, will zise reliability and it will prove to be
i possible to divide the circulating beam v.ith external targets. If

this diagram was accepted for complex X1/X2, not only would increase

the effectiveness of these neams, but it would be possible tc forego

the supplementary pluncer mechanism.

Resonance conclusion/output requires supplementary plunger

mechanism and possesses known deficiency in the form of modulation of

discharge/break due to the presence of the pulsations of field. It is
I,

•I
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difficult also to ensure tn.a separation of beam with external

targets. Furthermore, tne uncommcniy high currents, consumed by pole

windings, remaining witha-n he limits of allowances, indicate the

determination structural/design daiiciencies and radiation damages,

which appear in the end cc nectlcns. This led to the considerable

time losses in the period of starting/launching. Even if thes

mechanical deficiencies/lacks it is possible to overcome, the

mentioned above difficulties ia combination with the success,

achieved during the use of a diagram with the thin shielding

partition, will mean that the resonance method makes sense to accept

only upon reaching of effectiv-ness not less than 80o/o.

!
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Fig. 9. Photograph of team at entrance HXQ2.
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153. Strong-focusing eliments/cells for the beam steering in the

systems of the transportation of oaam.

S. Ya. Yavor, L. P. Ovsyanni.ova.

(Physiotechnical instituta ia. A. F. Joffe of the AS USSR).

Ye. Koltai, G. Sabo.

(Institute of nuclear researcn, Hungary).

In the literature is examined the series/row of different

electron-/electronic- cptical systems, utilized as the

devices/equipment of beam s6eering in the systems of the

' transportation of beam. From experiment of practical work on the

accelerators it is knoun that the position and the direction of beam

at output of acceleratcr are subjected during the work of the

accelirator to random cbanges Fcr obtaining the stable conditions of

I irradiating the target it is desirable to create the systems of beam

steering, capable of ccrrecting such oscillations of beam. Amcng

different known systems it is pcssxble to indicate the magnetic and

electrostatic deflecticn fielas cf different coafigurations.
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Several years ago two of the authors of this work proposed the

new elements/cells, based on the principle, experimentally checked in

the institute of Nils Bohr ia Copenhagen. In the literature these

elements/cells are menticnea as "asymmetric quadrupole lenses". In

the earlier work of the autaors it was shown that during the new feed

mode of the quadrupole l'3nses, avallable on each accelerator, it is

possible to achieve beam steering without the introduction to the

system of the transportation of the beam of new elements/cells.

Page 205.

As a result of the continuous operation, connected with the

electron-optical description of such asymmetric lenses, was developed

;the electron-optical treatment of the first and third orders, and are

also brought out and caiculated the supplementary aberrations, called

asymmetrization. Were sixultaneously obtained experimental results

for different systems cn the dccelerators in the institute of nuclear

research in Debracen (.ungary) and on van de Graaf's oscillator in

the Joint Institute for Nuclear Research in Dubna. This latter/last

work was carried out in the collaDoration with I. Osetinskiy's group.

Will summed up below scm6 enumerated above results for the
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target convince scientists, wao work on the accelerators, of the

usefulness of asymmetric 4uadzupcie lenses. For simplicity will here

deal the question with electrostatic lenses, although the obtained

results are real for the magnetic quadrupole lenses. Authors'

experimental results were obtained on the electrostatic high-voltage

accelerators; however, the saae systems can successfully be used on

other types of acceleratcrs, switcaing cn accelerators with the

topmost energies.

The idea of asymmetrization is illustrated on given below

figures. Fig. I shows rcrm ally symmetrical quadrupole field;

generated by four cylindrical electrodes, moreover in electrcdes are

shown stresses/voltages, expressed in the percentages. Points were

obtained with the aid ct twe electrolytic bath, and curves show

;, calculated equipotential lines. fig. 2 depicts the case of

asymmetrization along the norizontal axis. Here the voltages of

C I electrodes are changed from -luo on -140 and from -100 to -60o/o

respectively, i.e., alcng ne aozizontal axis/axle is introduced 40-

percent asymmetry. The charac-er of equipotential lines clearly shows

that asymmetrization leads in essence to the shift of initial field

to the electrode with the iowez voltage, without the special

distortion of the structure of field. In Fig. 3 it is depicted

asymmetrization to 40-40c/o in two directions. In this case the

center of field will be mixed on layers x and y in accordance with



the potentials, indicated on tite electrodes. The quantitative

charactaristics, given in Fig. 3, make it possible to assume that

field distribution in the fa.rst approximation, can be written in the

simple form, which corresgonds t. shift/shear along the axes:

where x. and Yo designate tae snift of the center of field. Utilizing

principle of superposition anu metnod of conformal mapping, the

formula of the potential distriution of the thiri order was cbtained

in the following form:

E

,3,
Z -

~j
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Fig. 1. Symmetrical cuaaurupole tieid (6=0).
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I Fig. 2. Asymmetric qua drupole ziield (6=40o/o) .
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entering first-order fcrmul, prove to be equal to and

__I_ ",7 respectively for tae case of cylindrical electrodes. This

means that the relative ixliny Gt center is connected with the

relative asymmetry with coefficiQaz I .

On the basis of the fcrmula of potential distribution of

first-order it is possirle to describe the focusing properties

through the usual matrix formdlism and by the use of a matrix/die of

transfer 3x3, which cortains tour elements/cells of the symmetrical

case and other two elements/cells, connected with the parameters of

asymmetry.

From this axamination it follows that the focal length of

asy. matric lens is equal to focal distance of symmetrical, but as a

result of asymmetrization of tne current of fccus it is displaced in

the transveLse directicn in tne distance, equal to the shift cf the

center of field. Therefcre imaye will be located on the axis/axle ofSI
lens only in the case if object is displaced with respect to the

axis/axle.

Fig. 4 depicts the behavior of the shift of the beam of

asymmetric singlet as the functicu of asymmetry of potential. From

the experimental points and the calculated solid lines it follows

that the beam is displacea ia the transverse direction with respect
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to the axis/axle in the distance, proportional to asymmetry. Fig. 5

depicts the saime properties for the asymmetric doublet. In the case

of doublet it is possible to select four parameters of asymmetry in

accordance with concrete coaditiuas for the entrance; two on the

I first lens and two on the second, in both cases for x and y axes. It

is obvious that these four inuependent parameters make it possible to

correct four independent variaoies - coordinates x and y angles x'

and y' at the entrance ot lens so that the beam after lenses would

emerge along the axis/axle. This means that the image, created by the

I effect of the focusing of quadraole doublet, can be obtained on the

axis/axle of lens even in tae case when beam does not enter along the

axis/axle of doublet, %hen four parameters of asymmetry have the

appropriate values.

By considering the field of asymmetric lens as the superposition

of the fields, which belong to the usual symmetrical lenses

(quadrupole component) and the asimmetrizing potential difference

(dipole component), it is 'ossibla to expect that the fringing field

i; of these two components has different character. This means that, as

1 a rule, effective length of symmetzical (focusing) components differs

from effective length of asymmetric (deflecting) components. The

results of measurements and calculations showed that effective length

of the deflecting compcnent is greater than fccusing one. In

4 accordance with these investigations among the studied configurations

[IE
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was selectad the quadru~ole leas, which consists of the concave

cylindrical electrodes, since it had the smallest difference between

symmetric and asymmetric effecive lengths. However, this difference

of effectivq lengths alsc can oe taken into consideration in the

formalism of the matrix/die of the transfer.

Fig. 6 depicts typical case oz the use/application of an

asymmetric quadrupole lers for tne focusing and the beam steering.

Here beam entars to the rign and is focused ty doublet on the

entrance slit of magnetic sector. The second astigmatic image is

arranged/located on exit slit cf the same magnet. Thus, beam passes

I fthrough the entrance slit at zne very high intensity, undergoing at

the output the double focusing.

'-I

K I
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precise focusing, virtually not depended frcm position and direction

~of beam at the entrance Cf lens. Tne authors created also systems for

three different high-vcltage accelerators in the sections of the

! mating of accelerator tubes with the magnetic analyzers and it turned
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out that the intensity of beam aucing the use of the focusing effect

cf doublet can be increased 1. :-5 times, moreover this high intensity

is attained independent of the conditions for the introduction/input

of beam.

From the point of view of practical uses/applications is very

important a question, do appear aue to the distortions of field as a

result of asymmetrization stron- supplementary aberrations. The

t theory of the third crder, developaed by the authors for the focusing

properties of asymmetric lenses, gives response/answer to this

question.

As illustration of the results of analytical calculations Fig. 7

depicts the curved aberrations, calculated for the electrostatic

quadrupole singlet with a length of 150 mm with concave cylindrical

electrodes (2e =450) and oy aperture 15 mm. Distances from the

object and from the image were ICOO mm respectively from the intake

planes and output. Curves are the envelopes of aberration for the

radius of entrance, equal to the half aperture, moreover in both

planes of asymmetrizaticn it varied from 0 to 40o/o. As a result of

the smallness of effect the scale along the axis x is increased 10

times. Numbers by the curves show beam spreading due to

asymmetrization.

ii-.. . . . ..% .. . . . . . . . . . . . . .
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Fig. i. Schematic of the use of an asymmetric quadrupole lens.
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asvmmetrization in both jIaaes rKom 0 to 40o/o.

Page 209.

However, this effect does aot s.Lqn.Lficantly affect the operating

conditions of the systeu of transportation during the use of low

values of as. nmetry and nearness to the paraxial beam.

F?-j. 8 gives ,;urved auerzatioas for different entrance apertures

-n the case of the object, dispiaced from xuhe axis/axle at distance 5

mm. For the shift of i..age to tne axis/axle was used 40- percant

asymmetry. Scala along the ax.L x is increased ten times, and on the

fittiag is represented the spot of beam on the true scale.

The programs of comFuters were written also for the (
,) full/total/complete case o asy.aetric quadrupole doublet. The

curves, calculated fcr the electrostatic quadrupole corrector who is

intended to set to van de Gzaaf's oscillator vith the energy 5 MeV in

Debrecen, are given in Fig. 9 and 10 for the full/total/complete

Ijf positional errors and direc-ion respectively. Here also the scale of

the scale of the perperaicular ci image is increased ten times. The

curves of the increasing area correspond to the increasing by

steps/stages in 0.05,. apdcturus input radii. Donsity distribution

cf current in the spot ct beam on the entrance slit of magnetic
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analyzer is represented ia eay. 11, for the beam with the Gaussian

distribution, concentrated to 90o/o on one half the aperture of ler

at the entrance. Taking iato account scale distortions, from Fig. 11

it follows that the large part of zhe beam is concentrated on the

narrow line near the axis/axle.
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discussion.

Ye. Regenshtreyf. What d.zerce between your method and

method, which uses a superjosition of dipole and quadrupole fields?

Ye. Koltai. Yes, tais methoa is actually/really equivalent to

the superposition of dicle and quadrupole fields and all

calculations were carried out on the basis of this supezpositioi.

7

Ye. Regenshtreyf. in what tnen does consist the advantage of

your method?

Ye. Koltai. Advantage of method - simplicity of realization. He

utilize usual quadrupoles and we only change a little power-supply

system.

e. Regenshtreyf. I doubt, tnat in this case you do not lose

degree of freedom in the ccmpensation for aberrations.

Ye. Koltai. In the case of asymmetric quadrupole doublet are

four parameters, which it is sufficient for the adjustment of

position and direction of beau. They make it possible for us to

obtain the necessary fcur degrees of freedom.
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V. G. Davidovskiy. You took usual quadrupole and they supplied

pole by thq current of different force. In this case to the basic

quadrupole field are adaed dipcle and highest multipole fields.

However, in the calculations ware taken into consideration only

dipole and quadrupole fields. Do intend you tc prepare and tc

investigate the system, waich tores the superposition only of these

two fields?

Ye. Koltai. With tne aid oi tais system we in practice obtained

the sufficiently good quality of focusing. Therefore auy further

research we did not conauct.

1

I
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154. Calculation of the cptlCdl characteristics of the system of the

, transportation of the beatu of linear electron accelerator to the

energy 60 MeV.

Yu. G. Basargin, V. P. Eelov, A. M. Kokorin.

(Scientific rasearch instituta cf electrophysical equipment by them.

C. V. Efremov).

The economical utilization of an accelerator requires the

creation of the system c- tne transportation of beam, which ensures

work by several independent targets. The beam-separation system in

Iquestion is calculated and designed in NIIEFA. It must

accomplish/realize tran.portaticn cf beam from LUE to five to target

devices/equipment (Fig. 1) wita the minimum losses and provide beam

focusing on ths targets into tne spot with a diameter of 2-3 cm.

Energy of electrons E-om = 60 MeV, in this case not more than 10o/o

I all electrons have an energy of less than 0,9Emom, current in

impulse/momentum/pulse 1h. Frequency of accelerator pulses into the

separate channels from 10 to 1500 Hz with the duration of flat/plane

pulse apex from 0.5 to b ps. Tie geometric parameters of beam at the



DOC 30 0069 317 F AG E 7

entrance into the system: uiameter- 2 cm, divergence 1.10-3 rad.

To the system are jrasented tae requirements of pulse-by-pulse

beam allocation, which leads to the use of the kickers. This, in

turn, it imposes the restriction on tne maximum angle of rotation.

The wide energy spectrum of eiectrons and the large distances between

the targets cause the need ror tae selection of the achromatic system

of the rotation of beam. LIf system ensures the passage of electrons

in the range of energies +-0.1, in the worse case of loss in the

intensity they will cccse 20o/o of the full current. With the

energy of electrons 60 MeV the isolatable heat output will be -12 kW,

in this case appear intense I and neutron fluxes and the protection

of equipment from radiations/emissions is represented by the problem

of paramount importance. Obviously, under such conditions must be

created the system, which consiscs of a small number of

interchangeable radiation stanle elements/cells, equipped with the

means of check of the position, with form and beam current of the

accelerated electrons.

1. Description of system of transportation of beam.

General/common/total beam layout is represented in Fig. 1. Beam

allocation along channels 1-3 is accomplished/realized with the aid

of the kickers IM which compose together with magnets Mt-M2-lL the

--- )
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achromatic systam of rctation on 900. Lenses L9 -L1 o focussed beam on

the target. All three channels are identical. The

translation/conversion of Deam into channel 4 is

accomplished/realized wian the aid of the achromatic system of alost

parallel translation. This channel is comprised of the magnets,

different from magnets M, M2, out they all are selected so that they

are characterized by cr.ly angles of rotation (windings of all magnets

are standardized). Straight/direct channel 5 is comprised of the

magnetic lenses and the corrective magnets. magnetic lenses, besides

the exit lenses L9, L1 0 , and ienses L3 , L., which use for the

correction of beam shape in cldnnel 4, are established/installed by

quartets, forming the so-callea "single elements/c9lls". This

structure of straight/direct channel because of a small angular

divergence provides clc-,e initial entrance conditions of each of the

channels.

|A

,!

.I

44*1
I

I:I
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Fig. 1. Beam layout (1, ca):

to= 120; ei= 20,4; e2 = 46,9; = 30,4; e.= 67,4; e5  53,5; 31,7

Page 212.

I 2. Calculated parameters oi elements of system of transportation of

heam.

*1
The achromatic system of rotation into channels 1-3 and initial

rotation of beam into chailLel 4 they were calculated from the

formulas, given in [ 1]. In this case were selected such values of the

angles of rotation of magnets and their radii, so that the distances

between the magnets would ne sufficient for the setting up of

'1_

LA.- - -... . ,
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collimators and instruments of cbservation of beam. The parameters of

the kicker 0, R were selectea frcm the conditions of the minimum

input power, independence or the work of channels 5 and minimal sizes

of beam. The basic parameters of the magnets of the system of the

transportation of beam are given in the table.

Note. h - width of worxin path/track; 6 - pole gap, a - radius

of central trajectory; o - angular solution/opening of the field of

magnet taking into account the stray field.

rha gradients of lenses in the quartets were determined from the

condition of dual focusing in the middle quartet in the

approximation/approach ot thin lenses and then they were more

precisely formulated with the aid of the nomogram:, described in [2].

Lenses have an aperture 11 cm, a length of pcle :0 cm and gradients

-100 of Oe/cm. In view ef the saallness of gradj.!nts are utilized the

$ lenses with the rectangualar aperture (of type ot Panov (3]. The same

lenses upon other start ci windings are utilizel as the corrective

magnets. Envelope of particles and matrix elements in channels 1-5

are given in Fig. 2a, t aia 3.

For guaranteeing the stability of the position of beam on the

targets with the permissible roct-wean-square shift by IJxlj cm the

supply of the kicker must Da stamilized with precision/accuracy
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'A 30 t0 65 53 5 1

50 o0 3(3,4 5 13

.1300 416,7 '355 to0

43,00 - C, 7 27 3 10

%1 -1300 -1(3,7 1~3 5 o.

iU S-00 t3-1 12 1 . 1L
Key: (1) deg.

_______________________2______________ AF
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Fi.2. Envelope of particles Iml, 1 i and mzatrix elements %, and

6L,, for horizontal and vertical mot-ions in channels: a -channels
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3 -3. Initial conditions: o-0 . 1,5CM qo-tisc,4, % b - channel 4..1E 103 ., p~

initial conditions: 1:- ',SCM, 1o-±1,0CM - o

Key: (1) . Collimators.

Ii

.-F. . . ..... . ... ... ... . . . .
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Fig. 3. Envelope of particles 1=lljj and matrix elements O and &L for

the horizontal and vertical motion in channel 5 for the initial

conditions xo=- 1.0 cm, yo=+-1.0 cm, xl o =+-0.510 - 3, Yo+-0.591 0 3 .
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155. Channel design of the transiortation of the beam, formed by

magnets S by axial symmetry.

F. A. Vodop'yanov, A. A. Kaiiain.

(Radio engineering institute of the AS USSR).

In a large number of pro.lems, which appear during the

construction of the superconducting magnetic systems of charged

particle accelerators, the proclem of ponderomotive forces and the

problem of the precisicn/accuracy of shaping of magnetic field with

the prescribed/assigned configurdtion relate to the most complicated

ones. The problem of forces appears in the large/coarse

superconducting electrcmagnets - rotary magnets and focusing lenses

of contemporary accelerators add magnetic pipes of the transportation

of the accelerated particles. in the dipoles with the magnetic

intensity H the linear force density of the pushing apart of windings

is of the order

F ,5. 10- 9 aH2
CM'

where a - width of the working zone of field. With H=60 kOe, a=10 cm

value F composes -20 t/cm. The tnickness of the confining banding
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must be -10 cm.

For scrppning and retention of windings it was proposed [1] to

conclude them into the irozn cylinarical screen with a thickness -15

of cm. In this case for tne screening -1 m of magnet it is necessary

to -2 t of iron, so that for me accelerator with a length of 1500 m

(Serpukhov accelerator tc the energy 70 GeV) the consumption of steel

is 3000 t.

During the locaticn of screen in helium Dewar for his ccoling

down to temperature cf 4.20 K is required to consume 0.5 1/kg of

liquid helium or -1000 1 on I m of the length of magnet. The location

cf screen out of the cryostat creates the serious problem of the

transmission through its walls of large attracting forces.

The problem of the precision/accuracy of shaping of magnetic

field is especially sericus in the accelerators with the stationary

"I field and alternating gradiaac. Here for guaranteeing

prescribed/assigned fielo distribution with the turns, which form

protuberances and projections of the field of spiral form, it is

necessary to place superconductors with the precision/accuracy 10 pm.

The task of guaranteeing this precision/accuracy of-the position of

superconductors is ccm~llcated with cooling of coils down to the

temperature of liquid heliuz.
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The problems indicated can cctain simpler resolution with the

execution of magnetic systems and channels from a large number of

electromagnets with the axial symmetry - in the form of Helmholtz's

coils.

Page 214.

I Fig. I are illustrated exameis of execution with such coils of

rectilinear magnetic beam-trans crr corridor, spiral channel for the

accelerator of the typp COK and cao multi-spiral channel for the

accelerator of the type ci circular F-M cyclotron.

The high precision/accuracy of shaping of field with its

prescribed/assigned distribution is provided in these systems due to

a precise location of elementary coils in the previously located

places; the scatter of the sizes/dimensions of coils can be lowered

to the minimum during the use/application of a machine method of

production. The problem ci forces here becomes simpler, because, in

the first place, pondercmotive forces become apparent as interruption

strengths of the winding of separate elementary coils, the not

exceeding strengths to the interruption/discontinuity of

superconductors with the voltage of field to 100 kOe, in the second

1]_
_ _ -

ui .....
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place, the forces of interaction Detween the elementary coils are

easily maintained/withstcod al tne plates/slabs, on which are

installad these coils.

During the design of d-ifferent magnetic systems from many

elementary coils with the axial symmetry of magnetic field appears

the task of ietermininc tne lad of their three-dimensional/space

location, and also relationship/ratio of the current of their supply.

This task did not thus far yet cbtain full/total/complete resolution

and for its solution is necessazy conducting the series/row of

intermediate calculaticns.

In the present worx is given the result of calculating the

equivalent field of elementary ccii. The dependence of the vertical

component of the strength oi tne field of a coil of Helmholtz's type

in the median Dlane is shown in general form in Fig. 2. It is

identical for the v3rtical sections of coil with respect to all

azimuths. The presence cf negarve sections in the curve, that

stretch theoretically to iafinity, requires during the calculation of

particle motion in this coil of the calculation of the fields of

adjacent coils. However, for the tentative calculations it is useful

to replace the real coil of equ.ivalent, in which the magnetic field

is constant along the cutside diameter and it is equal to z. rc in the

entire remaining region. For calculating the strength of the field of
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equivalent coil should be calcujLated the integral

~H8

in which x - way of integrAtion, determined by the trajectory of

particle motion.

1

.91
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a

Fig. 1. Examples of the executicn of rectilinear magnetic

beam-transport corridor (a), spiral channel for the accelerator of

the type COK (b) and the multi-s~iral channel for the accelerator of

the type of circular F-M cyclotrcn (c).



DOC 30069317 PAG E

Fig. 2. Field of a ccil cr de~lmnozs type.

J~I

/ /1 2/ / 41 R,s

Fig. 3. Dependence of -equivalant to intensity/strength coil on

ri~ iJthickness and height of coil/winding.

Key: (1) kOe.
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Fig. 3 depicts the calcuiated on tne computers uMir,, family of

curves, which express dependeuce Hg on the thickness of winding for

the case of particle mc~ion along the diameter in the median plane of

coil. The parameter is tha aeint of coil/winding. Calculation is

produced in connection with the sizes/dimensicns of the

superconducting electrcmag.at, ianned in the radio engineering

institute of the AS USSR L2], at the current density 5000 A/cm2

(inside radius of electrcmaajne 34 cm).

in the case of using the magnats with the axial symmetry in the

magnetic systems of accelerators it is necessary to perform the

* calculation of repeated particle motion along the closed orbits.

I ~REFERENCES
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156. Conditions for existence of beam during the resonance

conclusion/output.

Zh. for, A. Khilar, P. Strolin.

(CERN).

1. Introduction.

For holding of induced radioactivity at the tolerance level in

the proton synchrotrcns ct .ext generaticn to the high energies must

Besides the minimizaticn of the losses of particles in the output

unit, it is necessary tc nov, is retained in the accelerator the (

part of the beam after the end of the process of conclusion/output

and as is great this part. The preserved beamz whose loss is not

.Iadmitted, can be brought out later with the use, for exauple, of a

system of rapid conclusicn/output.

In the present work are represented analytical and digital

calculations, relating tc possiDillties and degrees of the

retention/preservation/maitaiii.Ang beam during the conclusion/output
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on the full/total/complete resonance and in the presence of the

resonance of the third crder. Numerical examples relate to the

investigations of the Frcject of proton synchrotron CERN for the

energy 300 GeV.

2. Conclusion/output cn r. onance of third order.

During the conclusica/output on the rescnance of the third order

accomplish/realize a reauction in area of phase plane the stability

for each monochromatic line of beda so that finally this area when

intersects resonanca value v, it becomes equal to accurately zero. At

the moment of intersectica all farticles of beam are unstable.

However, the theory shcks whereas that immediately after this the

stable region is begun to increase, moreover with the same rate, with

which it at first decreased. Thus, especially in the case of rapid

iischarge/break, the s,;nificant part of the beam is seized and again

it falls into the stability region.

Duri-ng a precise estiwati&on if the exittance of the seized beam :

in the principle it is necessary to consider changes in the

configuration of the phasa piaue, which occur, when particles fall

outside separatrix. Instead ot this will be here used the following

simple criterion. Particle will be seized, if for the

elongation/exteat of three revolutions after transition through the
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resonance of the ampli .ude r its oscillations c it does not increase

over the limits of statIlIy rcgion. The jump of amplitude r in three

revolutions on curved sepaLatrix (Fig. 1) compose; Ar, expressed as

where K9 - standardized/norkaazad sextupole force of

disturbance/ilerturbation C 1 J. F"or the same speed the limit A of

stable region is displaced in .ne same direction on (1]

s We (2)

whera 9 - azimuthal angle in the circumference of accelerator.

According to the prescriDea/assigned above criterion, particle P

is seized, if A~4.'MAIn this case for the area cf phase stability

region (capture) is chtaiaed the expression:

S 36() 7 d (3)

Ks d

I,3
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X/i,
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Fig. 1. To the determin&tion oz the jump of the am~lituda of particle

during the resonance ccLcIuaion/cutput.

Page 216.

Thq initial emittance of ueam Si is connected with initial -

with shift A- fretm resoaance value 4 [1l:

1/

Consequently, the -atio oi the emittance of the seized to the

emittance initial beam can t)a cated/estimated as follows:

Within the seized rej.,.ua .z dhase plane, as it is possible to

expect, will prove to te the particles, arranged/located along the

separatrices, which are dlsdced xn the external direction in the
presence of the resonance. Pr -wsing sufficie.tll arbitrarily that
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J the cap~tured particles arg arranged/located only within the shaded

trianjla on Fig. 1, we crtain

N _______ (6)

laschke and Simcn [2) jive t e formula whose derivation is

unknown to the authors ci article, for stIs - This formula coincides

with (5), with excepticn or tae fact that instead of coefficient

in the numerator in it IS d codfficient of 4- in the denominator.

In order to check the validity, of the given above formulas, was

written program foz the computer, in which for the elongation/extent

of the process of concl ui, n/output were outlined N - ooo

monoenergetic particles. ierae undertaken the parameters of proton

synchrotron CERN with the energy 300 GeV (3]. The initial value of

emittance S- o,7 of mrad mm, corresponds to beams 50 GeV; 1- shift

is assigned by the quadrupole lenses, which excite resonance process.

With the standard work is expected the conclusion of the

m monochromatic line of team in 20OU revolutions, i.e., in 50 ms.

Taking into account energy aissipation in the beam, the corresponding

total time of conclusicn/output is 500 ms.

Table gives the results of numerical and analytical

calculations, obtained tcr three different times of discharge/break.
The analytical formulas, in particular led in this work are in the

e..... ..
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satisfactory agreement with tae numerical results, in spite of their

approximate conclusion,/cutt ut.
Preservable part of beam in the case of outout on third order
resonance from the 300 GeV CERN synchrotrcn (%' of Initial oeam)

J. Conclusion/output in tao preseace of full/total/complete

resonance.

it is usually assumed zhdt tor the conclusion/output in the

presence of the full/tctal/coapieta resonance the stability region in

the phase plane exists exc-usively for positive (or negative, for

this specific case) chan~es in tne impulse/momentum/pulse with

respect to tha equilibrium oroi., in cther words, the axis/axle of

impulses/momenta/pulses is tne seml-infinite "instability line", on

which all particles are unstanie. fri such a situation also it is

possible to expect the retention/preservation/maintaining the part of

the beam in orbit. Shown beloi tna with an increase in the energy of

synchrotron assumpticn indicated above becomes ineffective. For

I example, instability line dur.ing the conclusicn/output from the

proton synchrotron CERN kitn the energy of 300 GeV becomes comparable

in tha width with the scatter ot impulses/momenta/pulses in the beam.

This in work (4 ] theoreticai analysis, used to the model of

Hereward (51, by one quadrupole and one sextupole to the lenses,

arranged/located it is diametrically opposite on the ring, it shows

V that the stability regicn in the pnase plane is proportional to value

~1



2-2
4 1.

L L l-dh) c°S - ('7)

4 " RLs~ S~n -- . (1-h) 2

and what the necessary ccnaitaon for existence stability region is

" A>0.

FOOTNOTE 1. The authors do not consider a small normal member,

proportional to the shift of the undisturbed equilibrium orbit in the

sextupole lens. ENDFOOINCTE.

In given above equation 0 s 0 /2=- quiescent value ); R1 and KS - the

standariized/normalized focusing forces of quadrupole and sextuple;

x.- standardized/normalizeu saift of the undisturbed equilibrium

orbit in the quadrupcle lans and h-(cosV. 0+3stnV 0)- half-spur of the

matrix/die of the transfer in une revolution in the accelerator, C

agitated only by the quddriUcl lens (h=1, if quadrupole it adjusts

slightly value v accurateiy to the near integer).

I

We select reference orbit, such, that for the particles,

cscillating relatively it, h=1. ,e determine

ctp dpl'-- 9" dp/p(8

Takinq into account the dependence of forces of lenses and retaining

in the momentum error dplp from the reference crbit only the member of

I-A
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lowest order, we will c¢tain
8 s FAh1 (9)

A2. -(tA 0 '4+ LM 0 '1 q- (9a)L J

where all coefficients they aze calculated in reference orbit.

in the previous uses/upp±ications was considered only the term

A, (antisymmetric on Ap/0). This led to unique final solution (ADfp 0)

of the equation of the limits or instability line (A=0) and,

therefore, to the semi-infinite instability line.

I

7'
V

2
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td 11y'( Ka __________________________

S.OII, NI/U Cad.oH i tu'a 9

I sts pa6oTa

3uNIc K(4

I),O jo l (71 "LL L,7 t,3 6,9 2,2
25~~ N 'eK G

IS, -

U . l,u ., 2,6 13, 4,6
-:00 ... ' po ,

cacuaton. LI

' ; 3-1 21. 13 69 '2 3

Key: (1 ). Time of beam exrracticn (monoenergetic particle). (2).

I Numerical computations. (3). Aiidlytical calculations. (4). Maschke

i and Simon. (5). This wc=.r, (6) ms. (7) revolutions.

i Page 217.

final width of instabil.1tj I.Le

I In practical case 'Jo,'c to irteyezr 4-1/4>>l and %X,'-I, then, replacing

the bulk factor of orbits in the quadrupole by average value

<Xp>Cl and introdui,;,i the average value of the amplitude of

betatron oscillations whr-ra R - radius of accelerator, we

obtain A 'fr (s( )

*13 Heycrf
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For those obtained above expressions is characteristic strong inverse

dependence on value j, from the size of accelerator.

In the case of the acting ercton synchrotron CERN, accepting

-2
0 ' ,25, Oc 0 2,23 & and RS -- .CC66 sin- 1 , we obtain JApjpj,1 -= . 0 -

During the comparison wita the scatter of impulses/momenta/pulses in

the beam this width cf instability line can be considered infinite.

In the case of the Fro]ected/desigaed proton synchrotron CERN to

the energy 300 GeV, assuuing/setting 90-27.75, Mp= 0,262 M and

k£ 0,003 - 3, 6], we oitain from (1Oa) 1a, 4. 10- .

Curve A in Fig. 2 was cbtained on the basis of the numerical

calculations of the dyrasics ci the particles, carried out as a

1result of applying the program cf computers, described in [ 1 ], to the

system of the conclusicn/output cf accelerator on 300 GeV. The width

of instability line is fcrecast according to formula (10a) correctly.

Curve A, is obtained by tne method of changing the scale of curve A

with the coefficient A2/A=[+(&P/P)('&PP)jeT! A, not only is determined

the finiteness of the width oi instability line, but also it changes

the dependence of stability rejion on the particle momentum. The

width of instability line in this case has the same order of

_°
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magnitude, as the shift ci impusa/momentum/pulse, necessary for th-e

conclusion/output of mcncchrcaatic beam (--10-4) or the scatter of

impulses/momenta/pulses in beam (--3x10- 4).

Numerical computaticns were carried out, just as during the

conclusion/output on the rescaanca of the third order, for the case

of proton synchrotron CZEN co rae energy 300 GeV. Calculations show

that if we discharge/break ccnzLcl by means of the creation of the

heterogeneity of the closed orbit, a

ratention/preservation/maintain.LnI beam must not have the place even

for such short duraticrs of discharge/break as 60 ps (3 revolutions).

During the conclusion/output on the resonance of the third order

the part of the beam is retained in the synchrotron. The value of

this part can be sufficiently accurately rated/estimated

analytically. Conclusicn/output on the full/total/complete resonance

makes it possible to avicad a r -tention/preservation/maintaining

beam, even with the verl short times of beam extraction. Thereby is

confirmed the advantage cf fuil/total/complete resonance from the

K V point of view of use fcr the eam extraction.

A

I
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fig 2. Dependence of the area of stability region on the particle

momentum for the proton synchrotron CERN on the energy 300 GeV.

Key: (1). Normalized area cf the stability region, roms.
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157. Project of slow ccnclusion/output from the proton synchrotron

ITEF.

L. Z. Barabash, Yu. G. Glovenxo, L. L. Gol'din, I. F. Kleopov, D. G.

Koshkarev, V. V. Miller, L. I. Sciolov.

(Institute of theoretical and experimental physics).

V. Ye. Kornakov, B. S. Mingalev, N. A. lonoszon, Yu. P. Sivkov, F. M.

Spevakova, A. M. Stolov.

(Scientific rasearch instirute of the electrophysical equi.1ment im.

D. V. 'Efremov).

I I

A slow conclusicn from tne proton synchrotron ITEF can be

carried out with the aia of resonance 3Q 28 or resonance 4q. 37. A

deficiency/lack in the second of tnem is the rapid decrease of the

width of the resonance in -he region of small amplitudes, in

connection with which surstant1dlly decreases the effectiveness of

conclusion/output. The only reason, which can be given against the

use of resonance of the 3rd order, consists in the fact that the

i ..
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magnetic structure of the reconstructed proton synchrotron ITEF

contains 8 superperiods. Therefore between the idantical

gaps/intervals of adjacent superpeziods are placed 3.5 oscillations

of 28 harmonics of disturbance/perturbation. This it forces for the

possibility of the selection of the optimum phase of quadratic

distirbance/perturbaticn to utilizi other free gaps/intervals of the

superperiod where the mcdulus/mcaule of the function of floquet is

considerably less.

The system of ccnclusion/output in question consists of three

sextupole Lenses and mcroionless septum- magnet (Fig. 1). Since the

septum is moved into the aperture of chamber/camera, at the beginning

of the cycle is created local orbit perturbation with field weakening

in three blocks/modules/units of electromagnet. Shift to the

resonance is accomplishEd/realized by a gradual change of the

gradient in the corrective ouadzupole lenses.

"I During tha calculation or the resonant step-up of oscillations

were consideced the peculiarities associated with the discontinuous

0 distribution of quadratic field distortion. As is known [for 1, 2],

in this case are possihle oota tke build-up/growth the amplitudes on

some azimuths, more rapid thaa on the azimuth of the location ot

septum and the appearance of the supplementary quasi-stable points on

the phase plane, about which an increment in the amplitude of
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oscillati:ns is very siili.

Examination is conveniently produced in the smooth

approximation/approach on paase plane ",i (Fig. 2), where

5 02

We will consider first tnat tne disturbance/perturbation is

created with the aid of one tdin sextupole lens. We will examine

particles, in which the trequencies satisfy a precise resonance

condition Q=n+-1/3. If we arrange septum-magnet in the place of

maximum divergence, then lens ii be located from septum-magnet on

angle ,

W"ith the n flight/san through the thin sextupole lens the

particle obtains an increase in the angle

2

, qj where L-2 n Z. In thr.e revolutions the particle three times will
of- 13R 6V

traverse the lens, moreover earc subsequent passage will be cut of

phase of relatively of Ereceding/previous on 2w/3.

If Aa'a ( a- the amplitude of oscillations, Ad - its

increase), then increas.z in amplitude and phase of oscillations are

equal to respectively

_ ao Gto n n) ; (2)

n~i Cosl 3+ n). (3)
a t ( '7___O ,~ST)

I1
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Thus (see Fig. 2) a resonance -ncrease in the amplitude in three

revolutions will be

--2-a -  s ), -- , (4)

and an increase in the phase will be close to zero.

Since an increase in tne phase in each lens increases

approximately/exemplarily as r- (see (1) and (3)), then for the

sufficiently large amplitudes it it can exceed Y/6, and then particle

can hit the mode/condi.ticns of the amplitude reduction with the

following passages of lens. Tnis is possible, if - .S. Therefore
) I

the maximum value of the step/pitch of driving near the septum must

be several times of less than the amplitude of the oscillations

before the septum (distancb from the orbit to the septum).

~ 'I

. ,
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if

T, -4 -5 T,"

Fig. 1. Ring layout with the laauing-out e1ements,lcells c.n.-

~sqptum-magnet; ! pradicted places of the arrangesent/position cAf

nonlinear lenses.

of course sttengta of rasonance must provide driving with

#this step/pitch. In cur case condition Aaa is satisfied by the

q ';correct se~ction of the i~tial paraeters of the system of the

conclusion/output h=1.6 cm, a=2.2 cm, a number of lenses 2. The

- I

absence of sufficient quatity of long free gaps/intervals in our

case does not make it possile t realize precisely this version.

Nfevertheless, since exanation an the smooth approiation/approach

showed that the resonance step/pitch weakly depends o the phase, it

is possible to make a dual sepui- magnet (Fig. 3). First septum

electrostatic with a widt a gp cm a4 mm an thickness of knife -0.1

absece f sfficentquatityof ongfreegap/inervas i ou

caeIosntmk tFsil c elz rcsl hsvrin
Neetees ic xJaxni h mohapoiainapoc
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imm and comnined with it along che azimuth of the second

septuia-magnetic with a width ga 25 mm and thicknesses of knife of

AI=3 mm. The angle of deflectioa of the first septum must be such so

that the combined acticn oi sextupole lenses and this septum would

give divergence -A+Al. The first septum in this case works as the

supplementary strongly ncnlinedr lens which is switched on beginning

frcm some amplitudes (iin our case when r>/2.2 cm).

The trajectory caiculatica, produced for the slow

conclusion/output with the usa of a dual septum- magnet, it showed

fundamental possibility of the realization of this version. With

Vr>r2.2 cm was switched cn the first septum, giving Ar'=1.3-10- rad.

Fig. 4 gives dependence cf r on r' in septum-magnet, beginning with

r=1.5 cm up to the inciaence/imgingement into the clearance of the

second septum- magnet. Ihe parameters of the first electrostaticj
septum: the value of worhing clearance - 4 mm, thickness of knife

I'

-0.1 mLP, fields in the clearance 60 kV/cm the length of plate is 20
'I

cm, the required stability of fiela +-1 kV/cm.

One of the most ccapilcated technical tasks, which appear during

the development of slow conclusion/output with a comparatively large

duration (order 0.5 s) - shaping ot the flat/Flane part of the

impulse/momentum/pulse cf magnetic field. Requirements for the

permissible ,,alue of the amplitude of the pulsations of magnetic
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field depend on the condizions of. limiting aodulation of the

intensity of emitted beam, thad leads to the need of reducing the

amplitude of the pulsaticns ot the voltage of the converter of

power-supply system of up to values on order of 0. 1/0 of maximum

rectified voltage, while te existLng filter gives the values of the

order of several percentages.

R

4, j

I

4

k

I
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Fig. 2. On the calculaticn of a resonance increase in the amplitude.

Fig. 3. Section of aperture of combined septum- magnet.
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z6 . 51

As0- -LLTLtJ~

1I -S 4 -7 -1 -14r '

Fig. 4. Form of the function r(r') in septum-magnet.

Fig. 5. System block diagram of filtration: 1 - converters of

power-supply system; 2 - filter choke; 3 - buffer capacitor banks; 4

- device/9quipment of changeover oi filter; 5 - attenuating

resistances; 6 - filter capacitors; 7 - resistance of filter4 8 -

series transformers of active filter; 9 - low-frequency amplifier.

Key: (1). Load.

i.
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The task of the realization of filters with the filtration factor on

the order of 500-1000, that ensure the fulfillment of allowances,

becomes complicated Ly the need of obtaining the frequency

characteristics of the iiiterin, devices/equipment, which satisfy the

conditions of limiting the transit time, and also values of the

ejections of voltages and currents of magnet winding during the

transient processes, caused Dy the pulse character of the work of

power-supply system. The work experience of power-supply systems with

the valve converters shcwed the practical impossibility of guarantee

in the curve of the rectified vcltage only of harmonic components

with the frequency, equal and to multiple conversion frequency. The

harmonics of low frequencies (25, 50 Hz and multiple by them), as a

rule, compose significant part in the general/common/total spectrum

of the harmonics of the voltage cf converter. This fact substantially

complicates filtration sys,;a. Apparently, is most expedient the

realization of the systef of the depression of pulsations by the

method of the combination of the passive aperiodic filter whose

characteristics for obtaining zae satisfactory transient process are

reconstructed in the prccess ot exciting the electromagnet, and the

active filter, intended zainly tor the depression of the

low-frequency part of tne spectrum of harmonics.
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The system block diagram or filtration is given in Fig. 5.
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158. Method of increasI3ng the etfectiveness of conclusion/output and

improvement in the energy nomcgeneity of ion beam, concluded from the

cyclotron.

Y
L. N. Katsaurov, Ye. M. 1.oroz, L. P. Nechaeva.

4

(Physical institute im. F. N. Lebedev of the AS USSR).

The problem of an improvement in the effectiveness of the beam

extraction of the acceleratea ions is very important for the

cyclotron. With the appzcximation/approach of the effectiveness of

conclusion/output to 100o/o disappears the difficulty, connected with

the radioactivity of the walls cf vacuum chamber and dees, induced by

the accelerated ions, scattered to the walls during the beam

extraction from the cyclotron. Scattering ions occurs during their

incidence/impingement to splitter. Heating splitter by the falling to

it ions is also the impcrtant reason, which establishes/installs the

limit of cyclotron current. For eliminating this reason it is

possible to change the ccnstruction/design of deflector. (Let us note

that the proposed modernization can prove to be effective,

apparently, only for such cyclotzons in uh.ch the energy scatter of
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ions in each cluster is noticeanly less than the energy gain of ions

in cne revolution). Longitudinal gash full length of the knife of

electrostatic deflector %±i. aJ.Lcw beam freely to pass inside the

deflactor. Analogously in the case of applying the electromagnetic

deflector longitudinal gash in the septum will allow ion beam with

the unwinding along the spiral trajectory freely to pass inside the

deflector. (As it will ze clear from the follcwing presentation, iron

electromagnetic deflector in the cyclotron with the proposed

modernization it is expedient to replace with iron free pulse).

The discussed modernization of cyclotron is not limited one gash

alone of knife or septum of deflector. It is easy to see that the

presence of gash by itself does not solve posed problem. Is

eliminated only heating knife, but not the dispersion of ion beam,

which will be conducted by the scattered deflection field in the (
small region of knife cr sextuc,. The size/dimension of the region of

stray field is approximately/exmplarily equal to the height of slot

in the knife or the septum. .It is necessary to increase several times

the radial distance between the adjacent clusters of ions in the

cyclotron, so that when the concluded cluster is located in the

deflection field of deflector, the nearest to it cluster of ions

would be even b-iyond the limits of the stray field of deflector.

Satisfaction of this condition makes it possible to solve another

problem, not less important tnan the guarantee of 100-o/o
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effectiveness of conclusion/output. Discussion deals with an increase

in the energy homogeneity of the concluded ion team.

At present in the series/row of the acting cyclotrons the large

energy scatter of ions is caused by the poor separation of clusters.

The radial size/dimension of the cluster of ions is compared with the

distance between the adjac.At clusters on the latter/last turns of

spiral trajectory. Therefora iato the output unit together with the

concluded cluster falls the part of the ions from the following after

it cluster, which did nct yet pass the complete cycle of

acceleration. Energy of the icns, which prematurely fall into the

deflector, by several -undrad kiloelectronvolts lower than nominal

energy of the concluded beam. This undesirable phenomenon is removed

with an increase in the distance between the clusters, and the energy

scatter of ions in the ccncluded beam can be reduced to the value of

the energy scatter of icns in one cluster.

If in the cyclotrcn is utilized external injection, then an

I increase by several times of the radial distances between the

clusters is provided with the pulse modulation of the density (

bunching) of the injected oeam, produced with the frequency i9, into

the integer of times of tne smaller frequency c of accelerating

voltage.

_ I
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A Upon the internal in eczion it is possible to

intercept/detach the series/row of clusters and to pass necessary

clusters by pulse electrostdatic or electromagnetic inflector and slit

diaphragms, established/instalitd on the initial turns of trajectory

* , in the central region cf cyclotrcn.

The enumerated changes, as can easily be seen, do not provide

the solution of all stated pronleas. It remains to still remove the

harmful effect of the stray fiela of deflector directly to the

concluded cluster with its aprohimation/approach to a deflector. For

this purpose it is necessary to use the pulse supply of deflector

with the frequency Q, to the equal frequency cf bunches, and with the

duration of each pulse it is 1tss than the period of revolution of

ions into cyclotron. Pulses of the supply of deflector, which

accomplish/realize a bean extraction of the cyclctron, they are

synchronized with the ispulses/mcmenta/pulses, which pass the

clusters through the intlectoL in the central region of cyclotron (or

i with the impulses/momenta/pulses of injection), and, therefore, and

with accelerating voltage, so tnat the deflection field of deflector

would be absent when cluster, completing several latter/last

revolutions, is passed thrcugn mrb dangerous region, situated before

the deflector. The deflEcting i.dlse field appears for the time of the

latter/last revolution of the ccncluded cluster and it reaches the

prescribed/assigned value up -o the moment/torque of the passage of
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the cluster through thE defiector.

At first glance it can seem teat the modernization in question

will lead to a reducticn in cae average/mean intensity of cyclotron

beam, since from the beam is cut out the series/row of clusters.

However, reductions in the intansity will not occur. Ia the game

enter the more powerful/thicxar tactors: the elimination of the

limits of intensity, caused by heating knife or septum of deflector

and by induced radioactivity of walls, as a result of which it is

possiblz? to increase a quantity cf ions, accelerated in each cluster.

The Coulomb stability limit of betatron oscillations lies/rests

sufficiently far, and the longitudinal Cculomb effect, which leads to

an increase of the energy scatrer of ions in each cluster, is

connected only with tha net charge of the ionic sector of disk, which

turns into the cyclotrcn, and greatly weakly it depends on number of

.the clusters, which ccmpcse this sector [1].

Each of three changes (gdsh in splitter, modulation of density

upon the injection and replacement of constant stress of deflector by

pulse ones) examined does not sclve the problems, stated in this

report. Only the realizatiou ol all three changes gives the required

positive effect.
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The modernization examind (oes not affect the bases of the

construction/design of cyciottLc and can be realized on any acting

cyclotron.

!BEFERENCES
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159. Acceptance phase range of the alternating-gradient doublet,

carried out on the quadrupuie lenses with different apertures.

4

Ye. Regenshtreyf.

(France).

1. Introduction, adopted desiygiaticns and assumptions.

Alternating-gradient douDlet is in corpuscular optics basic

element/cell during colypiliag of the lines of the transportation of

beam, accelerators, matching devices and large number of other

devices/equipment. Theretore better understanding of its properties

is expedient not only fzcm a theoretical point of view, but also

taking into account the practical uses/applications.

The purpose of this work is obtaining simple formulas for theh

properties of the transmission of the beam of the

alternating-gradient dcubletz acceptance phase range, for the case,

when the lengths of the quadrulcle lenses, which form doublet, and

.S also their gradients and apertures are different. After develcping

A>
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generaL theory, it is easy to diva quantitative response/answer to

the question: "which must oe a radius of the second quadrupola lens,

so that entire the fcur-diL ensional phase space, seized by the first

quadrupole lens, would De passea also through the second lens"?

II
, Let si, s2 - resp~ctiv ely lenujth I compose their quadrupole

lenses, G, and G2 - corresponuiag gradients, 2R, and 2R2 -

corresponding apertures, and L - effective distance between the

lenses.

Let us accept the follouia4 designations:

i ''

and

8,= k Si , O K22

where p - particle momentum, and q - their charge.

As the assumptions is dccepted e - 8<, and axamination is

limited to linear theory, and therefore by un-iupled motions. It is

further assumed that vacuum chamber has square section, beam is

monochromatic, and alsc is not considered possible

decomposition/decay in flight. Finally, energy of beam is assumed

sufficiently high so that it wouid be possible to disregard/neglect

the effects of spacs charge. Are not done any assumptions, which

conczurn density distribution of .articles in the beam, us interests

I'V
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only the overall trapping z :ny cf doublet, determined by its

geometry and magnetic cnaracteritics.

2. Acceptance phase rance witn focusing-defocusing in X- plane.

Tha possible forms of the phase contour/outline: let E, -

over-all aperture ratic, superimposed by the entrance of the first

quadrupole lens; I, - over-all aparture ratio, superimposed by the

internal part of the f.rst quadrupole lens; S, - over-all aperture

ratio, superimposed by tha output of the first quadrupole lens; E2 -

over-all aperture ratio, superamposed by the entrance of the second

quadrupole lens, and S2 - over-al. aperture ratio, superimposed by

the output of the second quadrupole lens.

Th3 possible forms cf tne contour/outline of acceptance are

giver below:
E I S s3 E I E S2

E1 I SI E E2 S

,, ! S $2 I 2E111S2  l EI S2
T SS lE1 1 2 * 2 2
E S2  E, S
12 112

E2 S2

The left column where is aDsent E2 , corresponds to the cases

when -..,e aperture of the first lens is less than the aperture of the

i'



DOC 6 0069317 PAGF

second lens, i.e., R,<R, whereds the second column, in which is

absent S1, corresponds tc tae cases, with the inverse

relationship/ratio, i.e., a>R2n. Wnen RI=R2 there are only three

possibilities, namely EIS 2 , 11sa and ZiSa , gerieral/common/total for

* both columns. With Ri=R2 are possible ten different cases of the form

of phase contour/'utline.

Partial matrices/dies dad important values of ratio R2/R1 . Let

us define the "matrix/die ot aatrance", examining the first lens with (
its drift space as

ae Be L cosa 60 -sn8'
f I'
S d0 ! -k eLn Cos .

"exit matrix/die", exarining the second lens with preceding it drift

space as

h8 i 8, I

'c& d S. X2SF1h chO 9

Vand the matrix/die of entiLre doublet:

51' B ch 0 ~s hO Cos I L~

! I ' I k,

CD :k shO che "0 k nOCosal
Si 2 2  21, ,

There are nine im >'rtant values of parameter R2/R 1 , which can be

utilized for determining caa separatrices between ten times the
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configurations of the phase space:

• R" =-A RR.A 2 = R~ -2 =a R2
R , , R, ' R, % ,R, =  s  P '

, = R. =(=a , t •R 1'7 R1  R j

In the given abcve r ±ationsaips/ratios it is placed:

SA8tasB

' I 2 B -B s

a B-A a...6 ed , - e1 A % = ; %

(B-Se)-5(A-ae) (B+8 e) 7'(Atae)2
e e)

ae 3-A6 aeB -ASe

, B-e ; ; e

Form of the contour/outline ok acceptance. Is expediant to

examine three basic cases of d 2/a<-A, Rz/R,<A and >1A1 >A, and to

isolate within each case ali possinle subcases (see the TabL .

I

_ _ _ _
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RI , '2 > A1A < A > A--_
(i) ycnowie ita m tbazo- yc:ot0 e Ha rim 'a- Iycnoue Ha Tun t4a3oBoro

0, boy) KO1-e RH8 3oBoro KOHTyp.

R-P KoiiTypa

> aE I S

q ~ RR

22 >A

R

12L2

R2

I ES

-r2 R2 (2
Key: (1) condition on. (2) rae type of phase contour/outlin9.

Page 223.

Areas of acceptance. In order simply to write the formulas,

which give the area ot acceptance, let us determine first three

angles a, andi
.*
U ae23
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Acos cc+ ka sLn a -

R'
aecosafeekI8 esntnam

After designating ncw : iiouga A the area of acceptance, we get

for tan cases, contours/cutlines of different types:

sh O2

Efln l 1n S 52 4 9

A-k R(+)RI:S2 COS.,PA = B

A7kn+ Ei2 SP:AR -k +ER +R

O gES 2A-R +2 LR2~ +R+R2 a:-!

a B 2:
antIII2

Ai R k (, s +RlR2 __0-l

71____



pDOC 
JtO69317 PAG E

E2 So .2o: 2: - -I

p - -i2(CQSP CosaY 2 1 3 d

A-k kR~c ~ +RI2B~ e)~

+ N ( 2oce " 2' k 'A)

I,

E II S

12

11

Key: (1) for.

Exa i ned b el o w o~ e f t a pos si bl e uses/ app lication s O f -t heo r y.

-I
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Which must be a radius of ts second quadrupole lens, so that

the phase space in X- Flane, seized by the first quadrupole lens,

would be passed also by the second lens?

Of the given above formuias Dy very simple form follows the

condition:

i
t  h

->cct9T kL+ 21)

3. Acceptance phase ranqe with focusing-defocusing in Y- plane.

For the recording of the corresponding relationships/ratios in

Y- plane it is sufficient simpla exchange of indices 1 and 2 and

observance of the elementary rules of the execution of

operations/processes. One should, however, consider that the form of

the seized area at the entrance of doublet is completely different in

two planes.

§ 1

'II
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160. Parabolic lenses for tne focusing of seccndary particles with

the energy V of several GeV.

T. A. Vsevolozhskaya, 1. L. banilov, V. N. Karasyuk, G. 1.

Silvestrov.

(Institute of nuclear Fnys2cs or the Siberian Department of the AS

USSR)

For obtaining the intease beaus of secondazy high energy

particles, which are born, as a rule, in the large solid angle, are

required electron-optical systems with the large aperture ratio and

the sufficiently small tccal idngta. Relatively small particle

scattering of high-energy with the passage of substance makes it

possible to utilize for tneir focusing tha magnetic field of forward

current, which possesses axial sywmetry and maximum focusing force.

An example of such optical systems are parabolic magnetic lenses to

120 kOe, developed in .IaF Siberian Branch AN in 1963 [1] and used

for the collection of Fcsitrons with the energy 125 MeV in solid
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angle of -0.04 stsrad (linear angle 0-0. 1 of rad). The idea cf

parabolic lens lies in the fact that for achievement of linear

focusing in the field fcrm H- 0 the particle must pass along the

axis/axle of current pate, propcrtional %7 i.e. the region of field

it must be limited by FaraDoloids of revoluticn with generatrices

z a - the focus distance of lens exists F=B/2a, where B=pc/eHoR o ,

Ho - field at a distance of Ro.

Since the field of lens cannot virtually exceed the values of

200-250 kOe, for the particles with the energy in several GeV the

necessary focal length are ootained due to an increase in the

constant of the parabcla or "a", which for the angles of collection

6-0.1-0.2 rad indicates the large length of trajectory in the field,

compared with the focal iengtn. Ihis requires attentive exaoination

of the optical properties of lens and construction of its surfaces of

the optical properties of lens and its ccnstruction of surfaces in

accordance with the exact soluticn of the equations of motion of

' particles in field H14-/it. In this case the lens with the paratclic

I' surfaces detects consideraole spherical abberation at the angles,

which do not correspcnd to the ccndition of thin lens Baz/2<<1 (Fig.

1A).

'i

In case of point source spherical .abberation are removed

completely, if the generazrices of the su.faces of lens are connected



DOC = 30069313 PAGE

with the relationships/ratios

8(.- Cosc 0 )I, 0 == ", ((x u) e

c 6 (coso -cos o d)
2(=o) -',% *6"(* . cos o.e dci,

where (%c((xo0 and (L2 (al,,0 ) - parimcstzic eauation of the generatrices of

surfaces, input (1) and exiz (2) ; ao - flight path angle of particle

to Z-axis at the entrance into tha lens.

The form of exit surface can De prescribed/assigned arbitrarily.

However, in this case the input coordinate of particle in general

nonlinearly depends cn argie ao, which indicates the dependence of

the focal length of lens F frcm no, although the position of the

principal focus is prescrined/assigned independent of ao.

'"ith the beam focusing tne different from zero transverse phase

Ivolume (from the nonpcint source) this nonlinearity leads to the

distortions of the emittaaca or beam, nonremovable with the aid of

the subsequent linear fccusing as. for example, in the case of lens

with the parabolic input surface (Fig. 2a).

Lens is linear, if its input surface is assigned by the

equations

- )?
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0-( -cos o)
%I (;Y) = F Stan (X.1e

21 = F  G0.;o0 e

so that exit coordinate depends oa a. as L.(a0)-Fsno0 In this case

there is a large region of angles and coordinates, in which the

emittance of beam is transferod virtually without the distortions

(Fig. 2b).

An interesting examgle of the lens in question is lens with the

flat/plane exit surface, zz( ,s0. The coordiaates of input surface

are connected in it with the relationship/ratio

%a(c~o) -t 1( ( )\ e cos o dca - 0,

besides obvious from the geometric considerations relationship/ratio

t

I!

KI
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Fig. I. Spher:ical of at eraiJon of parabolic lens with the defective

profile/airfoil with B]=330, F =6u ca, a=0.25 (a) and the chromatic

aberration of lenses wit:h the a.iftecnt profiles/airfoils (b): 1 -

, half lens; 3=12, F=60, a=t;.1; 2 - linear lens B=12; 3 - parabolic

lens (with the corrected profila/aarfoil) B=12; 4 -linear lens B=30,

F=60, a=0.25; 5 -paratclic lens B=30.

P.age 225.

t System of two such lenses, conaected by planes, serves for the beam

i focusing from the point into th-e point. The surfaces of each "half

l~llenses" are constructed in accordance with their focal lengths of f,

!Iand f2 and fields H, and 2

With the equality fields in each aalf it is Possible to combine them,
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after removing the dividing surface of z=0.

with the particle fccusiaj from nonpoint source it is in general

necessary to consider 0 - pdrtacie speed in ccntrast to point source

where the motion occurs in plane (rt). However, there is practical

interest in source in tne for= st the thin cylinder whos3 axis/axle

coincides with Z-axis - this case it can occur with the focusing of

secondary particles, if the prliary bpam, which possesses, as a rule,

a small phase volume, was zocusea cptimally. In this case 0 - the

rate can be considered equdi o 0 fcr all particles.

The figures Fig. 2 refer exactly to this source and show the

conversion of the emittance of the beam, which has rectangular

initial (in the first fccai plane) emittance, on the passags lenses

(in the second focal plane). Along the axis of abscissas is plotted

the coordinate of particle referred to the focal length, along the

axis of ordinates - the tranisverse impulse, in reference to the

full/total/complete particle momentum. in this form the given results

are valid for any values of rocal length at cne and the same value B.

The calculations of trajectories we-e conducted on the computers with

precision/accuracy - 10-6.

Chromatic aberration of lens, i.e., angular scatter at its

V cutput depending on the scatter -'-f impulses/momenta/pulses, can be

'
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expressed by relationsha/ratic Aoe -0E(c) - , where E' I at the angles,

which correspond to the appzoxixation/approach of thin lens, and then

decreases with the increase aa. Dependance e(aq) differs somewhat for

different types of l-nsss and different values B (Fig. Ib).

At present in IYaF is conducted "the development of to types of

parabolic lenses. The first lens will be used in the unit of the

target of a proton-antiprotonaoyo accumulator/storac VAPP-4 for the

collection fri the target of antiprotons with the

impulse/momentum/pulse 1.3 ieV and the angles of generation +-0. 15

rad (2]. It is linear lens in eocnl length less than 20 cm and by

maximu.a field on the neck (po-.n.. oi connection of current shells)

200, i. 50 kOe. Fig. 3 gives the section of lens with the set of

tires. the housing of lens is maue fEr . natural titanium; wall

thickness on the input surface which the particlec pass at minimum

angle, it reaches on an cutsiae radius of 0.5 mm and it increases in

the neck so that in the field Go inside radius Hmax 200 koe maximum

echanical stresses in eaca scction are 46 3500 kg/cm2 . The path ot

parti.zl in the walls ci laus is b-8 mm. The construction/design of

set of tirss is reade by such, that with attachment of both contact

I jsurr:ces uZ lens arpears no axial of loads of its housing. The

coaxial set of t4.res of lens nalfway converts/transfers into two wide

'lat/plane busbars/tires 'or Lhe supply of current. Two halves sets

of tires. which ace locatvJ uade, the different potentials, are

iI
Si
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isolated/insulated by te glass clcth, saturated with epoxy resin

under the pressure 30 atm., to the voltage to 15 kV. Lens has an

inductance 30 cm and it will oe supplied by sinusoidal current pulse

with the duration on the basis/Lase 3-5 ps and by amplitude of

500-700 kA. Lens is fed by current from the oscillator, which is

high-voltage storage capacity/capacitance and system of vacuum

dischargers/gaps, through the iiatcning current transformer with the

transformation ratio 4 and a small scat :ring (led to load Lz2 cm)

designed for the voltage in tae jrimary circuit to +-50 kV.

The second type of lans is developed/processed for the

use/application in the focusinj system of neutrino circuit IFVE (3].

From six such lenses it is propcsea to assemble the objective which

must accomplish/r lize an acarcmatic focusing of mesons in the large

~momentum rangs. Sin~e in 'this system of lens they do not have the

Ispecific focal length, they all have parabolic surfaces. Fig. 4 gives

the section/cut of mock-up of cue cf the lenses with the set of

tires.

tV
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4II

Fig. 2. Geometric of aberrations of lenses with the different

profiles/airfoils: in tne first focal plane source has rectangular

emittance with the sizes/d:.ensicas of 1.3-+-1 ca, 2.4-+-0.5 cm; and

by the maximumn angles cf eantance 0(x 0.27 rad in all cases: a)

parabolic lens (1.2- E=12; 3.4- B=30; b) linear lens 1.2- B=12;
!Y

3.4 3 30.

-i .I

-- '

*1_
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4

Fig. 3. Linear lens for tue collection of antiprotons 1 -the housing

cf lens, 2 - set of tires; 3 - insulation/isolation; 4 -clamp

contact; 5 - flat/plane current input.

Page 226.

Lens has maximum radius Rmai 16 cm and length 2z=32 cm. Set of

tires is also carried out in tne form ofl the coaxial, which converts

into two flat/plane current-coaducting busbars, one side of the

housing of lens is rigidly atzracted/tightened to the set of tires by

clamping ring, the seccnd side nas claMp attachment for eliainating

the axial loads with thce attacaxacnt, inductance of systqm J 40

cm. Lens is supplied frcm the low-induction current transformer by

semisinusoidal current pulse by duration in the basis/base 100 p~s and

the amplitude to 1000 kA (4). Le~ns will be supplied by the doubled

current pulses of arbitrary polarity, separated by the interval of I

.4i
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0.2/ s with the frequency ot tae messages of I times in seconds. The

first mock-up of the houiiny oi lens is prepared from the dural D-16

without the heat treatment. A radius of neck %t .n 1.5 cm, of wall

thickness is made such, that in the direction in parallel to the

axis/axle of ray/beam the drticles pass to substance less 2x0.5 cm.

This lens was tasted by currents 750 kA, which corresponds to maxi.num

field Hmaa = LOO kOe. At present is develcped/processed techrology of

the heat treatment of the uaraimin housings of lenses, whicai will

substantially increase maximum parmissible mechanical stresses in the

walls and will make it Fcssibla to ensure the reliable work of lens

with the currents 1000 kA. Another method of an increase in the

reliability of lens is the proauction of its housing from titanium.

Is prepared and is preparea for with tests the welded titanium lens:

the middle of lens in the region of neck is grooved from the natural

material, to which are weluea rolled from the sheet of cone,

processed then along necessary pctile/airfoil. This lens possesses

substantially best mechanical rcperties; however, complication in

its use they can be caused Dy the increased thermal condition,

connected with high specific resistance of titanium.

* _9

i, :t
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4,4

Fig, 4. The parabolic 1lins of zautrino circuit 1 -the housing of

lens; 2 - set of tires; 3 - insulation/isolation; 4 clamp contact;

5 - flat/plane current input.
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161. Focusnr for the neutrino experiments (design characteristics).

'} I

V. I- Voronov, I. A. Danil'chenro, R. A. Rzaev, A. V. Samoilov.

(Institute of high-energy physics).

In the series of proaiems ot physics of elementary particles, in

particular, in the experimenzs with the neutrino, appears the need

for converting the divergent charged particle beam into the parallel

or the close one to it, woreovor this formation it must undergo

maximally wide energy and angular ranges. With fulfilling of these

requirements the neutrino flux, originated during the

decomposition/decays w and K-MdSOAS, will be maximum. Supplementary

important requirement is the aneu tor conducting the beam shaping of

particles on possibly the snorter casis so that in the

fraction/portion of the shapea Leam would remain the significant part

of flight path.

At the present time fcr thi accomplishment or this objective

they were applied or were examintd "magnetic horn" [1], "magnetic

fingers/pins" r2], plasma inns J] and "crucible" with one-two

supplemeutary reflectors (4).

2
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Page 227.

The focusing properties or such systems and neutrino flux from

them it is accepted to ccxpare with the spectrum of neutrino from so

that called "neutrino parants' ideally focused" beam (NR), under

which we understand parallei and infinitely pencil NR. If we accept

as the initial parameters energy of the proton beam, which forms beam

NR, Ep= 76 GeV and distance fvcm the target of generation NR to

detector the neutrino flux whose spectrum is shown in Fig. 1 (curve

1). Under the same conditions magnetic horn with one supplementary

reflector will give neutrino flux with the spectrum, shown in Fig. 1

(curve 2) (5]. From the comparison of curves it is evident that the

real focusing gives neutrino flux into 2-3 smaller than ideal

(without taking into account losses in the walls of system)

All above mentioned systams are pulse with the duration of the

pulse of field of apprcxiaateiy 2-5 ps. In the systems of the type

I crucible/horn, horn[cruciDle)+ reflector and magnetic fingers/pins

the axisymmetric magnetic field is created by the current, which

flows along the axisymuetric shells; field length is determined by

the set of the conical surfaces, which assign the profile/airfoil of

shell. In the plasma lens this field is initiated by the high-voltage

<4-
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discharge in the plasma, whicn jives current with an

approximately/exemplarily permanent density of j. In this case the

deflecting force of plasma lens is approximately/exesplarily

proportional to distance fLoM its axis/axle.

The characteristic feature of all devices/equipment of the

described types is the fact tati valuo

(X " Sb'./ ( xx, (.

describing the focusing propertias of sy -sm, is either the function

of particle momentum or by tne runctio! the angle of its entrance

into system MS and the 4mpulsa/nic.mentum (Ct8bx- angle at which the

particle leaves the system), whzLe Zor th- ideal focusing is required

the equality zero relaticns (1) in as possible more the broad band of

the angles of the entrance and impulses/mometa/pulses.

Let us examine a question anout the possibility of the formation

of parallel beam NR by diaferent combinations of current parabolic

lenses (PL).

In PL [6] (Fig. 2) the components of magnetic field in the

cylindrical coordinate system p, z, 0 are equal to:

B," O, B a con st (2)

and, since the length ct tue lens

V

z2.
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in app)roximation of thin 1-nsas the deflecting force of the 1'arabolic

lens is proportional to tae radius on which the particle falls into

the lens:

B'*- c.P c -const. (4)

.matrix/iie single PL can ae pr =s~nted in the form

where x -focusing force of the lens

x- ael(6)

I -the current, wnich go-as tnrough the lens; x - arameter,

which describes the prcfiie/airroii of lens and which switches on 7

dimension factors; p - particle acatefltum.

let the distance fzcm a target-source NIR to PL be equal s=1.

Then the curve of dependenc3 oi F on the particle momentum will be

IMET I s nstitute: Mecaliurgy im. A. A. Baykov] the form

FVIM 2P (7)

It isgiven for one PL in Fig. 3 (curve 1). For the two-lens

system wherce each of PL we aava demlecting forces of x, and x2 and it
e

is located at a distance oir A, one from another, requirement of the

parallelism of beam gives tne relationship/ratio

that reducing to the equations
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! 91::|+Y (I+ e,)X2 , + p2,1
i '< (9)

x 1*, 1 2, PI P2 1I
where Pt and P2 - those impulsss/momenta/pulses, with which the beam

is strictly parallel. Form tZ2 (p) is shown in Fig. 3 (curve 2) for

icase of pl/pL= 3.

';

I

4 (1

i,

,s 4
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Fig. 1. Themapecr of paroli leas. el 1)adrea ocsn

Key: (1). GeV. () urn nu.() okn oe 3.Prbl
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shell.

Page 228.

in the three-lens vers-on ihere the forces are equal to x,, x2 ,

x3 , and distances with :especT 1, L, z, requirement of parallelisn

gives

M'2 rot-2 e+z41e + + l.+22 P L1(+1 2]pLt

~ (10)

whence we have equations for tns particle momenta and forces of the

lenses:

?,:xoce(e1+e2)xjx3C( %o )px~m3 p1 P*I+ P1 P3+ P2 P3
4g

ei s i2M3= PIMay(11

Form -1z (P) for threa-leus system when pm= 3 is shown in

Fig. 3 (curve 3).

k Finally, for the four-lens system with the forces of lenses xj,

xz , x3, x4 and with distances cr 1, y2, 21, A, (;:ondition ML2~=O gives

the following equations:

'i

II
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r ~te 4+e2 Xi*(i e1+e2+3)-T4= PI+P2+ P3 P4.t

+(i+e,)(e,+e3) X2 X4+(-+ eltE2) E3X 4

PP2+ P1 P3i P.1 P . + P2P 4 t 
" 3 P4 ,

,P=P2P3+P1P 2PP PP3P4"P2P.3P, 9e e jzj2zX" P P2 RP3P,,.

In 4eneral for the systems, onich consist of the a lenses

M n (p-pO, (13)
22 p Ll

wherE P - those va. ues of :ae dimpulses/momenta/pulses, with which

the beam is strictly parallel (see Fig. 3, curve 5).

Thus, combinaticns of three or four parabolic lenses, which have

4 the deflecting forces, determined by the systems of equations of type

(11) or (12), make it cozsble to form beam NR, close to the parallel

over a wide range of impulses/mcmeta/pulses in the absence of the

dependence of the character of focusing on entrance conditions into

the system: for the comparison F'i. 3 shows the appropriate system

characteristics the "crucible", used in CERN [7] (see Fig. 3, curves

I 6 and 7).

Fig. 4 shows fundameatal optical diagram of one of the versions

of two-lens system for case of 4, Pmx/PC 3 and one of the

versions of three-lens system for case PmoI/Pm.n- -6 , t1 2, t2=6.

.1

I _
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The overall langth of tarc-iens system with S=1.2 m has a value

of 11 m, i.e., occupies 5.5o/o ol flight path 200 m. For the

comparison let us point cut tuat tae system, described in work [8),

forms/shapes beam for eicnyation/extent 60o/o of flight path.

Let us examine a question about the absorption of particles by

multilens systems. In crder to detlect particles with

impulse/momentum/pulse Pm= on anyle 08x, is required one lens or

system of lenses with tae totak deflecting force

B2=B()8p- Z B(pL)5j, (14)

whera .E-6, if P-. (15)

.M4

:J1
I

I. -

.. ... -- -. . ; . .. .... ..-. .. .." .." 3,.
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Fig. 3. Fig. q4.

Fi g. 3. Focusing properties oi ditferent systems by multiplicities.

I ~Fig. 4.* Fundamental optical diagrams of one of versions of two-lens j~
systa.m (a) and one of versions or three-lens system (b).

I Page 229.

The path of particie i.n the wiall of lens is lengthened in
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accordance with the relationsni2/zatio

2 (1 6)ckP

i.e. during thq separation of one iens on somewhat shorter lenses the

absorption of particles changes it unessentially and depends only on

the radial position of particle. Therefore each lens of tue focusing

system of one or the other .ulziplicity can be presented in the form
!z

of. the objective, which consists oz the series/row of shorter lenses.

It is clear, the the systets, constructed according to the 9

described principle, can decide otner tasks - to focus parallel beam

iwith the large scatter aloag the impulses/momenta/pulses into the

image of small sizai/dimensions, or to transfer to the required image

distance of the source of tne particles (in this case the necessary

equations obtain, eiualizing to zaro matrix coefficient m12).

The calculations outlined above, executed in approriation of

thin lenses, were checked oy a precise calculation on the computers;

Iagreement in all cases was not more badly 15-20o.

i~I

g1
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162. Deflection system 4-.---t. of separator for the proton synchrotronA

V. M. Lavin, V. A. Meringo., V. L. Smirnov, Yu. A. Sokolov, A. K.

Orlov.

(Scientific research insti.tut oi the electrophysical equipment im.

DV.Efremov).

VN. Alferov, M. A. Bulgaiov, A. Mi. Vishnevskava, M. B.

Vladi-mirtsov, V. 1. Ko t/cv, B. V. Prosin, V. C.. Rogozinskiy, 1. a.

Yam polI sktiy.

I (institute of high-energy physics).

In the hIgh-fre-queacy sepaiators of the charged/loaded particles

Ias the deflectors are applied tae alaphragm vaveguides, which work in

the mode/conditions cf the~ traveling hybrid wave EU11 [1-3). Such

systems have much in common, vita the accelerating sections of

I electronic linear accelerators. However, the use of the asymmetric

; ~1 wave EU11 causes the seri&es/ruw of the supplementary requirements,

connected with the need for trae stabilization of the plane of
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polarization and the seiection cf the operating modes with the

maximum electric fields ±or the large duraticns of pulses (to 10 ps).

The parameters of deflectors dare selected employing the procedure,

described in work (4], and were given below.

(I napaMemp ( Berni'Ha ('"'.IH.a BOnTHOD 8 ,,' t . . ........ 4

_3 'Pa6otai qacToTa *,0 Mr ........ 2797,2 (13 )MaXCacManbHasi MOumOCTb s Hmrynbce P, Mbrm 20
14 BityTpenuil nnaMeTp aRaparm 2a, MM . .46 f,9jHanpsweHuocTm OTXnOH)owero nonl

SflrHaMeTp aOoCTf sOn1BfOBOa, 2 9,MM . . 119,8 ;E 0 ,xB/cM ....... ................. 74

OTonuMHHa aHapaIrM t,, MM .......... 6 IS)MacIuManbHasI liarlps)KeHHOCTb SneVTplf-

,,))War seilxi d, MM ............... 26,8 'eCxoro nonsi E max, KB/CM......240

(.ICABtr 4a3bz Ha 7efty......... . . . .. /2 (qflnJU TenbHOCTb HMTmynbca 19, MicceK 10
"IrpyuNoBag CXOpOCT . . ......... .. -0,0327
J: Omowee uywroporo iMneaaHca

X ao6pOiOCTr 0M/M 1,2.103

'CKo9(0 xujLeHT 3aTyxaHaX CC,HM/M 0,091

Kay: (1). Parameters. (2). /a.ue. (3). Operating frequency fa, IHz.

(4). 3ore of diaphragms 2a, mm. (5). Diameter of cavity of waveguide,

2V, mm. (6). Thickness ct dLaparagas t, mm. (7). Step/pitch of cell

d, ma. (8). Phase displacament to cell. (9). Group velocity. (10).

Ratio of shunt impedance to quality, R/Q, Q/a. (11). Attenuation

factor a, np/m. (12). Length of waveguide. (13). Maximum power in

impulse/momentum/pulse a, 3W. (14). Deflecting field strength E0 ,

ky/cm. (15). Maximum electric intensity Ermai kV/cm. (16). Duration of

pulse r, ps. 31

Work examines the design features of deflector and are given the 'f

results of the measurements of the parameters of one-meter
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experimental section at tnt 1od and high power levels. Experimental

section is completely scldereu construction/design from the separate

cells and the matchers, Frepared with the allowances +-5 ym (2V) and

+-10 pm (remaining sizes/dizansions). Section is equipped with jacket

$made of the stainless szeal for tai thermostatic control. In the

center of section is provided for the coupling element with crosstalk

attenuation 60 dB, which maes ic possible to measure the averaged

phase of the strength of fiela. To avoid the rotation of the plane of

polarization of wave in the loadiny disks are made the slots (see

Fig. 1).

Page 230.

In this case the dispersive cnaracteristic of the wave, polarized in

the plane of the divergence of particles, virtually is not distorted

(curve I), but in the rerpeadicular plane it is displaced on 40 MHz

(curve II), which corresioatas to the decrease of phase change to the

call on 23.50 in the operating frequency. Natural frequencies r/2 -

? the vibration mode of separate cells were measured by the method of

wave resonator [5]. In order to exclude the accumulation of

I! reflections along the lengta of section, cell they are assembled by

way of a steady change in tutier natural frequencies. Matcher contains

movable diaphragm which makes it possible to compensate for the

reflections, connected with the possible with the damage of structure
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in the process its rations.

For ditermining the parameters of secticn at a small power level

was develooed the measuriaj uait, based on the principle of

nonresonant disturbance/perzurbdt.Lon [6]. The basic results of

measurements are given in Table 1. Are there for the comparison shown

computed values C 1] and resuits, ctained by the method of resonance

dist'irbance/perturbaticn tao models [4, 7]. From the comparison of

giveu data it is evident thdt they coincide in the limits of several

percentages.

I

a >4
II

, 7,

________ I
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IFig. 1. Basi dimensions and dispersive characteristic of the

i. section: a) wave is rclari .ad in tae plane of divergences (1) and in

the plane, perpendicular to the plane of divergence (L;b) the

location of slots for the stabilization of the plane of polarization;

c) placa with a maximum quantity of breakdowns (1) and point of the

maximum value of electric fLeid (2).

Key: MI. Hz.

}j
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Fig. 2. Fundamental 
characteristics 

of the section: 
a) the

distribution 
of the stadardize/normalized 

deflecting

intensity/strength along the section; b) the distribution of

reflection coefficient along tqe section; c) change of the phase of

i field along the section; d) baad c haracteristic at the entrance of

section in the presence cf cerdic windows.

Key: (1). kV/cm//MW. (2). MHz.

4
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table 1.

7 () (Wi
.epar T!epeMe a ue3.o-t Pac'eTHbieJo H a H C n Io ro I lw IC lO rO 3 e jI ' lH b l

Bo.. %.y :-e!Ilq 'BO3,. yLuetin

,)OTouenle wyi r'

a 3 3 3
1,47.10 1,50.10 1,59.10

I { (- r~oi' ( I Tu:l b,, d '!

:'y oIIl bt GKo 0 -0,0320 -0,0327 -0,(329
Vc'Tb

J t4T> 1, ",'H 0 ,03(j 0 ,092 0,0 0

Q~L,I , P K;IOtW}y-

S,IQ,oc l :,on' ! ,. 16,3 16,8

K3y: (1). Parameters. (2). imetnod of nonresonant

disturbance/perturbaticn. (j). Method of resonance

dist;rbance/perturbatica. (4). Calculated values. (5). Ratio of shunt

, impedance to quality, r/lm. (6). 1aiative group velocity. (7).
Attenuation factor. (8). Standazdized/normalized deflecting strength

of field. (9). kV/cm//MW.

Page 231.

The measurements of fiela distrihution in the section showed

that the reflection coefficient does not exceed 0.12 and phase change

i J ,A
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it differs from calculated not more than on +-20 (see Fig. 2). It

must be noted that the strength of the field of the incident wave

builds up to the input and exiz matchers by approximately 5o/o. In

this case phase changes in the agpropriate cells differ significantly

from calculated ones. More detailed measurements showed that,

apparently, this is connected with the mechanism of the regeneration

of wave TEo, in the conductive waveguide and the matcher into the

hybrid wave EH11 in the section. KSVN [99spO4 - VSWR], measured from

entry side of section at tha operating frequency in the presence of

separating ceramic windows, does not exceed 1. 1 (see Fig. 2) . The

divergence of the plane of pclarization from the vertical was

determined by the methcd of tho comparison of field distributions

along Z-axis (in each section fields were measured at several points

according to the azimuth) and proved to be ,<2O.

For testing the experimental section at the high power level it

was connected to klystrcnKIU-12, ensuring power 20 11W for the

duration of pulse of 10.3 pb (see Fig. 3). The excitation of klystron

was accomplished/realized by tae master oscillator with frequency .

stability af/f=106 and by amplifier stage on the travelling-wave

tube. Power measurement was maae by the calorimetric absorbing load

(see (8)). Breakdowns in taa sbcion were recorded by FEU,

established/install.d in inspection window, and to the reflected

wave. For the evacuaticn of section was utilized the aggregate/unit

I

:/I
_) j
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the ara 300 (two celite ana ona .itanium pumps HEI-300), the ansuring

va. ium at the entrance Lnto tna section 2.10-7 torus, and at the

output -6.10 - 7 torus. The composition of residual gas is given in

T;ile 2.

4VA,
}A

. I
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Fig. 3. Block diagram for one test run at the hign power level 1 -

the modulator of klystrcn (U=3iO kV, P=70 I, rh =I0 ps); 2 -

discriminator and impulse snaper of rapid protection; 3 - master

oscillator; 4 - amplifier on tae travelling-wave tube; 5 - test

33 'I klystron KIU-12- 6 - the directional couplers; 7 - the emitter

follower; 8.81 - transformers agreeing, waveguide; 9 - calorimetric

load; 10 - experimental section; 11 - ceramic separating windows; 12

- vacuum aggregate/unit ERA 300; 13 - manometric lamp IM- 12; 14 -

sensor of RMO-4 ; 15 - vacuum gauge VI-12; 16 - meter of partial

pressures IPDO-1; 17 - FEU-27; 18 - window for observing the

~: breakdowns; 19 - automatic recorder N320-5; a, b, c, to the

cscillograph.

Key: (1). Wtm. (2). dB.

.1il
.i~~
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4able 2.

Pe>KIINi :CyvNIIap- F.'Otwhe KoMnOFIeHTbI,

TOP H2 H20 CO+N2 O2 A, CO

-1. 134 1- 1S• ocTn1 I.0-' 26 134 27,4 12,7 3 I 2,3
j (i .%, TP. ,,,,I ( po..K ro0

nporpena 3.10 -  15,6 22,6 45,3 2,2 7,3 3,2
CeKII.I.1

( f loc.n',
-,porpena 8,4.10 15,2 33 41 1,7 - 4,2
(1)

(IB \.omeIT -7
npoGosi (2) 2,8.10 24 12,5 43 2 - 16,5

pei(IINI8(2) K (1) 5,2 1,24 31,4 4 - 13

Key: (1). Mode/conditicns. (2) . rotal pressure, torus. (3) . Gas

Scomponents, I/I . (4). Betoza introduction/input of power. (5) . V. h.

aging/training to warm-up or suction. (6). After warm-up. (7). At

moment of breakdown. (8). Ralacion of mode/conditions.

Page 232.

Itin the beginning of aglng/training it was explained that the "

breakdowns, which appear at power -5 of MW, lead to a sharp reduction

in dielectric strength as a result of disturbance of the surface of

structure with the largr eanargy of breakdown. For decreasing the

, output energy was intrcduced prctection (see Fig. 3), which lowers

Ii
NI

IL _ - -
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the 9xcitation 0.2 jus after tac emergence of the wave reflected.

Simultaneously was disccnnected vcitage from the klystron and then

during 20 s exponentially it aedved to the previous level. In this

case it was possible dcring 20 hour to raise the introduced power to

20 MW with the frequency of nzeaxdowns -15 hour. Further

aging/training did not leaa to an essential improvement in dielectric

strength. The warm-up ci section to temperature of 390 0 C madq it

possible to improve vacuum despite the fact that after warm-up in the

section was short-term adaaitJ tha atmosphere. However, in this case

a number of breakdowns decreased insignificantly. The latter fact

gives grounds to assume that zhe effect of aging/training consists

not so much in degassing ot the walls of section, as in removal

(burning-out) of microhateroguneities.

For the purpose of tae acceleration of aging/training in the

section transformers 8 and 8'established/installed mode/conditions

KSVN=1.7 that it corresjonds to the strength of field on the edges of

diaphragms Em"' 330 kV/cm instead oi 250 XV/cm in KSVN=l. 1

(corresponding field distributions on the diaphragms, measured by the

method of nonresonant disturbance/perturbation, are given in Fig. 4).

After aging/training in this mod/conditions during 7 and 4 hour with

the shift of the maximums of intensities/strength to the adjacent

diaphragms it was possible to virtually exclude breakdowns in the

yJ nominal rating. The exasinatioa/inspectien of surface condition of
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section after aging/traininj snowea that the traces of breakdowns are

on all diaphragms and tnere is no clear correlation between the value

of the strength of field and tne pliace of breakdown. For example, the

traces of breakdowns are discovered in the places where the

intensity/strength fields by above 100 kV/cm (point 1 with 9=660 ,

Fig. 1c), and are not discovered at points with the

intensities/strength 330 4V/cm (Eoint 2 with 9=0, Fig. Ic). In this

case substances thq places of breakdowns with the low strength of

field the quality of finish of the surface of diaphragms is

noticeably worse. Thus, with a good quality of finish of the surface

cf section it is possible to r31i on the achievement of the maximum

intensities/strength of tields 33a kV/cm in the modes/conditions with

the pulse duration to 10 ps.

I

A'4
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Fig. 4. The field distribution according to the roundings of

diaphragms, during the ncminai ratang - KSVN=1.1 (A) and during th-

training mode/conditions KiSN=1.7 (b) 1 - measuring probe (sphere

from the teflon with a diamatar oi 2.5 mm); 2 - nylon filament( -

=0.13 mm).

Key: (1). kV/cm.
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463. tiethod of automatic alecczomaqnetic separation into the energy

in the resonator accelerator.

V. G. Bagramov, G. R. Basaan, D. V. Iremashvili.

(Sukhumi physiotechnicai Lnstituta).

For conducting the number of investigations in the field of

laser technology, radiation1 cnemistry, studying the questions of

plasma-beam interacticns, etc. were required high-current electron

beams. Depending on specitic paysical problem can be produced

different requirements for tne energy homogeneity, the focusing and

the duration of front and snear/section of the make pulse of electron

beam (1].
I

In 1963 in the Sukhua. pnjsiotechnical institute was developed

high-current electron accelerator "EU" of the resonator type

(frequency f=6.5 MHz) wita oy accelerating voltage to 1.3 MV at the

eyepiece of beam to 1000 and also the frequency of messages 0-5 Hz

[2].33.

IPage 233.
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The investigations of the currant-response characteristics of

accelerator showed that tae specific special features/peculiarities

of the work of plasma sark electron source lead to the appearance at

the output of the package of make pulses (5-10 pcs) in one cycle of

acceleration, moreover the amplitude of make pulses unguided is

changed both in the paciage anau irom one impulse/momentum/pulse to

the next [3]. For expanaiag the experimental possibilities of

accelerator is developed and place in operaticn second channel, which

makes it possible to ottain the single stable make pulse of the

separated electrons. As the electron source is utilized the

thermionic-emission gun wita the Aexaboridelanthanum cathode,

designed for obtaining of lactrcn beams with the current 500-1000 A.

Gun is developed by the autnors L 4 ]. For obtaining the

prescribed/assigned energy sproad of electrons the accelerated beam,

which possesses continuous anargy spectrum (accelerating voltage has

sinusoidal form), it is necessary to subject to separation. The

anal" - the existing ethois of the separation of electrons -

magnetic, electrodynamic, remporary/time - showed that in the

cavity-type accelerator most promising is the method of automatic

electromagnetic separation. The final adjustment of the method of

separation was conducted on th;i electron gun, which makes it possible

to obtain electron beams with the current -50 A.
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The method of autcnatic eiectromagnetic separation consists in

the use of mutually p~zpenaicu±ar electrical and magnetic fields,

which are changed in the time ana the space in the coaxial region of

the cap/filling of accelecator (Fij. 1). In the middle part of the

cap/filling of accelerator the lactric field has only radial, and

magnetic - only azimuthal ccuszatuting. in the range of change in

question of the fields in the time occurs acccrding to the sinusoidal

law, tha maximum of the aaplitaue of magnetic field advancing on 900

maximum of the amplitude of electric field. The electron, which

starts in zero phase (0-0) of accelerating voltage, supplies into the

perpendicular to its rate magnetic field of maximum

intensity/strength which strongly deflects/diverts trajectory from

the rectilinear. The electron, which starts in phases of 0< 900,

falls into the collapsible/drop~ed magnetic field and the increasing I
electrical and therefore is tesred/experienced smaller divergence.

Electron path, which starts at *=900, will be almost rectilinear,

since at this moment magnetic field is absent. With further increase

in the phase of the start of alectron (900<0<1800) the divergence

will occur in the opposite direction. Consequently, in the process of

acceleration electron team scaas on the target. With a change in the

distance of the target cccurs tna capture of different sections of

scanning beam and, thus, a change in the duration of make pulse and

Ii!

I!
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energy spectrum of electrons, imniage on target. Fig. 2 gives the

photograph of the trace cf electron beam with current -30 while at a

distance of 260 mm frcm tae anode opening/aperture.

In the structure of field in question the electron motion occurs

in plane xz (cm Fig. 1). Disregarding space-charge effect, let us

write the equation of tae tzajectory of relativistic electron taking

into account field ccmicnent in tae following form:
p--e Ex -8 9 % i.

where P, P4- components of pulse, a - electron charge,

U. smn (Wt +(P) 11)

UM cos (Wt + p)

Key: (1). and. the components of electrical and magnetic field in the

coaxial part of the cap/filliing of the accelerator: u.- the

amplitude of accelerating voltage; p=33 ohm - the chaacteristic

impedance of resonator; %- 0.65 - radius of cap/filling; R=0.7 a m-

Sradius of jacket of rescnator; w=2rf; yo=4Y*107 H/re. A change of theJ

relativistic mass of alectroa in accelerating gap/interval is

determined by the expression
r" 0 [1 eUM ,L /t

(2)

where mo - is r.ass of the rast of electrcn

7]
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Fig. 1.F g..

Fig 2 Potgrph f letrn ea.
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accelerating gap can be disregcarded/neglected. In the interval

,.1

,pratialyt e system of equations (11srolved Onth asis eot te.

,h an raotal targets) b ap chiangi n the valu o t e ngthi of the
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solutions of the system of equations (1) and geometry of electron

beam for the fixed values of the amplitude of accelerating voltage

were constructed the graph/diagrams of the dependence of the duration

of make pulse (or energy or the electrons, impinge on target) from

the listance between the anode opening/aperture of accelerator and

the target for different diameters of cathode and target. Fig. 3

gives one of the characteristic graph/diagrams of the dependence of

the duration of make pulse not target from the distance to the anode

with accelerating voltage, equal to 0.9 MV, and the diameter of

cathode and target 16 fm. points ca the graph/curve showed the

experimental values of the durations of make pulse. From the

graph/curve it follows that the coincidence between computed values

of duration and experimental data of current pulse can be considered

satisfactory and lying/ftcrazontal at margins cf error in measuring

equip ment +-5o/o.

It should be noted tnat the method of automatic electromagnetic

separation is based cn the use of its own structure of the field of

resonator and therefore it does not require supplementary systems and

power supplies.$4

Thus, experimental results snowed that in the resonator

accelerator the method of automatic separation is optimum.

, {

7z
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164. System of control of tte sjncarocyclotron of FTI of the AS USSR.

R. P. Davyaterikov, A. V. Kuli.cov, V. V. Lavrov, G. F. Mikh v.

(!ysiotechnical.4nstitute im. A. 1. Joffe of the AS USSR).

The system of contrcl, synchronization and check of the work of

the high-frequency acceleraiag system of the synchrocyclotrcn of FTI

of tha AS USSR - SUF - fulfills tae following basic functions:

1. Are given the iatervais of manipulation, controlling the work

of the manipulator of tue anode supply of the basic oscillator HF

accelerating system. With tne run of job of accelerator as the input

pulses, which assign the interval of manipulation, are utilized the

impulses/momenta/pulses of the anjle of rotation of the rotor of

buncherss, generated by Enorodicdes. This interval of rinipulation

seizes with certain supply entire operational frequenc).es band HF

program from 30 to 13 MHz. with the aid of the auxiliary timing

pulses the porosity and the period of manipulation can be changed in

the dependence on the reguirements of the mode/conditions of work of i

the accelerator [1].

1:11
s I

:2 -
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2. It permits implearention or control and synchronization of

auxiliary of acceleratcrz oscillator of brace of duration of pulse of

ac 'lqrated protons, oscilator or discharge/break of protons of

internal target, devices/eyuipmant of pulsing of ionic source, etc.

(2].

3. Is acco.plished/r3alized synchronization of entire complex of

physical equipment, which requires joint operation with accelerator.

4. It provides prczection of dF system of accelerator from

breakdowns and during clcsingjs/hortings. With the rare (single)

breakdowns the device/c luk-ent ot protection removes/takes anode

voltage from the basic oscillator to the preset time, then smoothly

it are reduced. In case c. repeated breakdowns with the low voltage

and vacuum deterioration higa voitage is disconnected entirely.'i
SUF has a control device oi tee noise in the bearings of

buncherss, which produces the cutoff/disconnection of HF system with

the increase of noise level of higner than the permissible limit.

5. It permits iMple1[e8nion of control of work of all

devices/equipment of HF system of acceletator.

Page 235.
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For the remnoval of infcLmataioa atout the voltages at different points

of HF system are arrangea/Jiccated divider-sensors and detector

caps/k~nobs. For the cantrol, tne measuraments and the adjustment

together with SUF is utahzzt~d orcauband dual-trace oscillograph and

scal3= with the numerical inaication.

For executing the firsi; trnree 41functions SUlF develops a large

numiber of standardized timn-nq pulses the time of generation of which

can be changed over widt-, iiij synchropulses can have the

controllable/con'Ltroll3d/asjsu-ccei joining to any instantaneous value

cf the frequency of accelerating vcltage and be shifted/sheared with

the aid of the delay circuiLts.

Functional possibiiit.ies of SUF make it possible to obtain

different mod es/conditicns of wur of the accelerator: the

mode/conditions of the dccumulaticn of accelerated protons (3), the

j mode of successive operation to internal and external targets, etc.

II, With the work in the mcde/ccnditions of control and adjustment the

system can work from its own oscillator, which imitates the inputI I pulses of photosensitive davices. Furthermore, SUlF has a series/row
of auxiliary, which mairz It poss.ole in all modes/conditions to

realize recalculation, passage anaa distributicn of the cycles ofI

34
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acceleration over wide i&au.ts, uad to also accomplish/realize

externa. resolutions axclusions to any number of cycles of

acceleration or to any tiiae intezval of work of the accele'ator.

Block diagram anA princabe oz o eration SUP.

II
1. ManiDulation and aoiation/liberation of basic modulation

cycle. Block diagram of SUF is represented in Fig. 1. Pulses from two -4

sensors 1, which correspcnd to ceginning and end/lead of the basic

aodulation cycle of the accelacating frequency of synchrocyclotron,

come the entrances of tuc cnanneis "launching/starting" and

"eams/feet". Preliminaziiy sna,ed in uaits 2 impulses/momenta/pulses

of both channels fall tc poderzul/thick shapers 3, which develop

pulses of synchronizaticn. Thase and similar to them shapers are

constructed according to tne unifcrm diagram on thi thyristors. Each

such shaper has 5 outputs wita output resistance of 75 ohms. The

signzls of all shapers are standaraized and are the

JI impulses/momenta/pulses of negdtiLve polarity with the amplitude 10V

and rise time 1 ps. One cf the impulses/momenta/pulses of shaper 3 in

the channel ,,launching/stirting" enters the gate 4, through which

pass ths impulses/momenta/pulses only in the presence of enabling

pulse from the channel "stcp" or from the terminal :Aexternal

launching/starting". Further this signal, passing through scaling

circuit 5, delay unit 6 saper 7, enters the entrance of trigger 8. 
.A
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Analogously by form the slynal of "stop", passing through the

unit of summator 24 whose designation/purpose will be explained

below, delay unit 6 shapar 7, it enters the second entrance of

trigger 8, which devplcps square-wave signal, which corresponds to

the duration of modulatica cycle.

Since all elements/celis of manipulator 14, who ensures the

manipulation of anode vcltage on basic oscillator 15, are found under

the high potential relative to the earth/ground, the control by

manipulator is achieved tnrouga isolation transformer 13 at the

carrier frequency of 550 xfiz. The signal of the carrier frequency, is

developed by oscillator 9 and is formed/shaped in the duration in the

modulator circuit 10. ?urther this signal is intensified by terminal

amplifier 11 and through that adjusted X/2 the cable enters

4 , preamplifier 12, which is located in high-voltage manipulator's

location 14. After traversing Lsclation transformer 13, signal is

detected and is controlled by manipulator.

I 2. obtaining timing pulsas and realization of different

operating modes.

For the control of work of auxiliary of synchrocyclotron and

I
-4}
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obtaining of the timing pulses of joining to the instantaneous value

of the frequency of accelerating voltage is utilized the set of the

devices/equipment whose rasis compose frequency selectors [4]. HF

voltage from capacitive divider-sansor 17, located near accelerating

dae lip 16, through the mdtckh cdDle, shaper 18 and fan-out 19

enters the entrances of fre4uancy selectors 20-23. Each of the

selectors develops the timing puisa, cabled to any instantaneous

value of the frequency cE accaleating voltage. with connection of

cne of the selectors, fcr example Z2, to summator 24 its timing pulse

enters the channel of "stop" and is produced the removal/taking high

voltage from oscillatcr 15 upon reaching of the pre3scribed/assigned

frequency of modulation cycle. Remaining selectors are utilized for

obtaining other modes/conditioas of work of the accelerator. Thus,

for instance, with the aid of selector 21 can be organized the

mode/conditions cf accumulation. For this the timing pulses of

selector 21 are established/installed for the frequency, which

corresponds to the selecte :acius of accumulation, and within

spacing device/equipment 2:, ccocrclled by scaling circuit 5, they

enter summator 24 and firtawr _o the channel of "stop",

accomplishing/realizing a cissation of the acceleration of prctons cn

the prescribed/assigned radius. Scaling circuit 5 makes it possible

to select any relationshi/ratic of a number of cycles of

accumulation and conclusion/output.

$1
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For the control cf tae work of the jettison system of protons on

internal target is utilized selector 23. Synchronizing pulse from

this selector, passing through the gate 26, ccntrolled also by scaler

5, enters the control ci tha oscillator of the discharge/break of

Ii protons of internal target.

The functional check of iiagram can be realized with the aid of

control oscillator 27, ccnnact3c ro the qntrances of shapers 3

instead of sensors 1.

On the block diagrair of davice/equipment pf SUF given above are

not shown the units cf the contrci of noise and measurement of the

revolutions of variations, the shialding blocks of HF system from the

breakdowns, the units cf the oeam monitoring of the accelerated

protons.

'Pt'

- -
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Black diagram of SUF.

K ey: (1). Channel Ilaunchinq/starting". (2). External

"launching/starting". (3). External "stop". (4). Channel of "stop".
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165. Internal oil target for proton Synchrotron.

N. 1. Nachatyy, K. K. Ozosovsxiy.

(Institute of theoretical and experimental physics).

Introduction.

In the proton synchrotron cn 7 GeV the experiments are

accomplished/realized on the Daams of secondary particles, obtained

on internal targets in vacuum cnamber.

Depending on objectives oi mission are required the short or

I expanded in the time beams of secoadary particles.

The ideal substance which gives the maximum output of secondary

particles, is hydrogen; however, tae producticn ot terget from

hydrogen represents great recnnicai difficulties.
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As target it is pcssialv to utilize the stream from diffusion

cil of brand VN-1, which duriag tne intersection with the beam will

inter ict with it. With the beam interact each time the new portions

of oil; therefore such target is mechanically not destroyed with

beam, as this occurs, for exrap±e, with the target from polyethylene.

Mineral oil consists of saturated hydrocarbons, the percentage

of hydrogen molecules is suz .;iently great and, therefore, the

cutput of secondary particLes caa De let us ccmpare it with output on

polyethylene. Furthermcze, minezai oil under the beam forms only the

sLort-lived isotopes; theretire it is safe with the work.

Arrangement/position of ci.L target in vacuum chamber will lead to

vacuum ieterioration due to aeatixa and radiolysis of oil of target.

However, as showed calculation and experimental data, this
deterioration unessentially aaa work of the accelerator does not

affect.

Construction/design of oil ;arget.

4 Fig. 1 shows the general view of target. The piston, to which is

supplied the pressure of the compressed air, is created a pressure of

oil in the cylinder cf nozzie on the order of 270 atm. Ihe nozzle

entry is constantly overlapped Dy the locking needle which is pressed

by spring.

iit



DOC 80069319 PAGE

Upon reaching of the specific pressure in the cylinder of nozzle

locking needle heaves, openia of access to oil to the nozzle. [
Changing the effort/force of spring, it is possible to be given the

%4

necessary value of the pressure of locking needle. The jet of oil

escapes through nozzle( 0,13 at a rate of 100-170 m/s, intersecting

in this case beam.

I A.

'

:1

J

gg
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After the pressure raliee oi air the oil pressure in front of

the nozzle will fall, and iocxing needle under the action of spring

will begin to close nozzle, out oil piston cannot instantaneously

leave back/ago due to inertia ana zriction; therefore is possible

outlet from the nozzle at a snd!Cer pressure. This fact leads to the

"inflow of oil", on outlec is formed the drop of oil. For the

liquidation of the ohercmenon indicated along the axis of piston is

bored the opening/apertura wnich is connected with the annular groove

on the piston.

After extrustion by tie piston of oil from the cylinder (piston

is located in the upper position), the annular groove of piston is

connected with the openings/apertures in the cylinder and oil from

the conduit/manifold through bail valve, oblong hole in the piston,

neck and openings/apertures in the cylinder pours into the reservoir,

as result of what the Fressure in iront of the nozzle sharply falls.

Furtharmore, for a rapid pressure drop in conductor oil filter is

*1 carried out floating.

For the creation of pulse pressure is utilized the system of

magnetic valves, used cn oubbie chambers.

Translation of putisn to the vacrum is accomplished/realized

through the ground/wiped SZocK/rod which continuously lubricated by

T tA
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oil.

The construction/design o tnis target makes it possible to

begin the injection of oil with given speed and the drop of oil, f

k it even appears, at the ratas aiove 100 m/s no longer is changed the

position of jet; therefore target can be fixed.

Works of target.

Since at the rates auove 100 ms jet is stable, and changes from

one cycle to the next are insigaificant, it it is possible to utilize

as the target (stability oi jet was studied by the method of

photographing jet at the different moments of time) .

At high rates occurs jet disruption due to the inequalities in

nozzle and viscosity of cii; aowever, this phenomenon strongly

depends on the pressure of the medium, in which flies the jet of oil,

and it is characteristic for tne positive pressures. Under conditions

of high vacuum this phencienon cecomes apparent more rarely.

In obtaining of the curves of scatter of particles to the oil

target it was not noticed the ncnuniforniti of jet structure;

obtaining jet velocity more taan 2U0 m/s we did not succeed in. By us

was carried out comparative estamation of the discharge/break of

I'
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particles to the different targecs. Fig. 2 gives the oscillogram of

the discharge/break of Earticias to the oil target with the aid of

the three-dimensional/space snift of orbit by a change of

distributing the magnetic field according to the ring.
p

The upper ray/beam of oscilioqram shows the output of secondary

particlas, recorded by the moniror, arranged/locatad opposite the

branch pipe in which is estabiashed/installed the target: lower the

value of primary proton beam.

Fig. 3 gives the osciliogram of the discharge/break of

particles, obtained by the same 3athod, also, under the same

conditions, from the usual flag tazget (aluminum foil).

Deficiencies/lacks in taigct.

1. Target is not pciat: its image on radius is 0.13 mm, but on

4 height it corresponds to size/dimension of beam.

2. Construction/design of ci-I target is more complicated than

flag one.

3. Developed corstruction/dasign cannot be replaced through

standard sluices. I

ij~i _
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Fig. 2. Fig. 3.

Fig. 2. oscillogram of discnaLge/oreak of particles on oil target.

Fig. 3. oscillogram of aischarge/oreak of particles on flag aluminum

target.

Conclusion.

is experimentally shown t;zf possibility in principle of using

the oil target on strong-focusiAg accelrator. Oil target Rakes it

possible to increase in the outp~ut of secondary particles with the

same current of primary haam, aaicu increases the effectiveness of

actelarator, decreases the radiation danger fcr the personnel and is

decreased background in tne experimental locations.

I
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Page 238.

Discussion.

G. V. Vadalyan. What zs oi± header in your system? It is

possible whether thus to uae a Liiuid hydrogen jet-edge target?

K. K. Onosovskiy. The recalver of oil is the reservoir,

arranged/located at a distance or 150 mm lower than orbit and which

has the special device/bquipmnt, which prevents oil from the

sputtering.

As far as target is concerned liquid hydrogen, then this is

fairly complicated task. Wi'ch this uill substantially deteriorate

vacuum. During the evaporatLon ci oi. frcl the ;ialls appear the

reaction forces, which wil bring down jet direction, since to you

erom all sides it is imcssxiel to ensure identical cooffici-at of

reflection and identical neat withdraval.

V. I. Ko~alenko. Which tne maximum frequency o functioning the

cil spray nozzle?

K. K. Onosovskiy. Accelerator works with the frequency one cycle

4 s. Respectively works cil target. The teaporarv/tine extent of jet

ilj is approximately equal to 500 ;us.

NI
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Session XII.

CONTROL AND DI3ECTIDN CF ACCiZRATORS WITH THE AID OF THE COMPUTERS.

166. Main principles of the autcmation of Serpukhov accelerator.

A. A. Vasil'yev, Yu. S. Ivanov, . A. Kuz'min, S. M. Rubchinskiy.

(Radio enginegring institute of the AS USSR).

Tha considerable cost/value of the operation of Serpukhov

accelerator, a continucus incredse in the volume of physical

I experiments, further developmant of accelerative complex and

connected with this complication of control of complex leads to the

need for the automation cf diadjncstics of its systems and control by

them.

IA

Whan selecting of the principles of the automation of Serpukhov

accelerator was used Scviet [ I, 2j and fore.Lgn experiment [3-6].

On the basis of the condi...l.ns, which exist on the Serpukhov

4

on t



IL
SDOC 8 0069319 ?G

accelerator, was selecteu tae zunctional principle of the

construction of the diagram of automation, which makes it possible

utilize the existing ccmmun-cat;.ons and to gradually automate the

separate functional systems of accelerator withcut the

disturbance/breakdown cf its operation with their subsequent

1 association into the single coatiolled com plex. The diagram accepted

must provide the possitiliry of rai.id transition to the manual

control of functional systems frcm the local control panels.

All devices/equipmenr of accelerator it is possible to divide

into two groups: 1) the wor~eas synchronously with the cycle of

acceleration even 2) the aevices/ejuipment whose work is not

connected with the cyclic chacactec o the process of acceleration.

Some systems of acceierator completely consist of the

devices/equipment, which rczatd to the second group. These systems

require only incidental control and virtually they do not need

control by operational personnel after inclusion/connection. By such

I the systems of overall aesi~naatoa/purpose are vacuum system, systemss

of water cooling and general/common/total power delivery and

Ij series/row of measuring systems, such, for example, as radiation

monitoring. All systems of tas group can be united under the overall

diagram of the centraliz.d coatxcl and direction with the wired

v! program of external units and under the simple program of data1i

lI
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processing. Other systems cont2in devices/equipruent and assemblies of

*both types, but as a whole they are characterized by the cyclic

character of works.

They include: a) linaar a&celarator, b) the introduction/input

of beam, c) the system cf radiu electronics, generation of

accelerating field and measurement of the parameters of beam, d) the

power-supply systlem of elac:romaaet, 9) the system of the correction

of magnetic field, f) tne beam extraction, g) the channels of the

transportation of beam.

At present all devices wnich ensure cyclic work of the

accelerator, are program and the part of the devices/equipment is

supplemented by analog feedbaCK. Programs can be corrected by

operators on the basis of experiaent or calculations. The programs of

the work of the series/row of devices/equipment change with a change

in requirements of experimentai paysicists' on the part. This

III readjustment occurs through &any cycles of acceleration and in a

number of cases in this case is required accelerator shutdown. The

more number of controllatle/ccntrolled/inspected parameters it can be

processed for a minimus numoer of cycles, the more operational there

'ill be the control by accelerator.

All informational sijnals, existing on the accelerator, it is i
i
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possible to subdivide into 3 grcups in form of the signal: time,

state, voltage. The signals of state and voltage are divided into the

signals, which appear periodically with the cycle of acceleration

(dynamic), and the signals, imergence and change in which it is not

*1 connected with the cyclic recurrence of work of the accelerator

(static).

Furthermore, dynamic signals can change within the cycle of

acceleration with different speea (dynamic rapid and dynamic slow).

And finally, signals it is jossible to subdivide according to

the degree of the importance: tae signals of subsystem, system, group

of systems and acceleratcz.

In accordance with tae dara ot classifications, given below, a

quantity of informational signals of accelerator following:

(1 SiBn cirua.=o (a) KomtmecTo
(3) COCTOaRIHe. .o ............... 17400

(41 rT;V9CKoe .............. 17 0
(nMMo, 11V,,1cKoe .... ............. 1600
(6) TaT;I'ec~oe .... .............. 4000

,\J~uanorornie
S( e~n Ie.. ....... .......... .......... )O
kl6bICTpe ..... ................ .... 400

M ee l..e . ............... 130

W6bi1Tpie. ...................... 1.5
(ilIO6wee 'mcno MauIWi biX cnoa (2 6aiTa) . 8000
SLi|CzIO M8WHHlbIX CnIOB 13 Ka)WMOM UnlKfe 1700

Key: (1). Signal aspect. (2). Quantity. (3). State. (4). static. (5).

dynamic. (6). static. (7). Analog. (8). slow. (9). rapid. (10).
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Tempocary/time. (11). total rumoer of information words (2 bytes).

(12). Number of information wo~rs Ln each cycle.

It is logical what a AaA.j piantity of signals is must be worked

with the aid of the computers.

Page 240.

However, ever. the best computers cannot work with the accelerator in

real time. On the other hand, the operating speed of the

information-control system, wnich contains computers, they are to a

considerable extent determined oy the limited capacity of

communicating systems anu by tiie inertness of actuating elements. I
One of the special faatujs/peculiarities of the control system ;

in question is the relatively wed synchronization of the work of

computers with the accelerator. In this case are observed only the

conditions: 1) all required information enters computers for the

'1 time, multiple to the cycle of acceleration; 2) all control signals

enter the actuating elements into pause between the cycles; 3) t-e

information, which enters eaca cycie, it is analyzed in the same

cycle.

For the realizaticn of tais orerating mode must exist the buffer

lye
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davices/equipment, matcniag tne rate of the emergence of information

with the speed of the aazission of data into the computers and the

devices/equipment, whicn Md~e It possible to match the rate of the

delivery of the computers of sijnals with the numerous ones, the rate

of the delivery of the ccLuFt1Ltrs of signals with the numerous but

slow actuating elements.

Fig. 1 gives the block diagram of the collection of information

and control of one of the systews of accelerator. This diagram

contains the converters cf diiterent signals into the digital form

and the buffer storage. The syncaronization of the moments/torques of

measuring of signals and writing into the buffer storage is

accomplished/realized by the special synchronizers whose programming

is conducted by operatcr or computar. Addressing to the

devices/equipment and the memory is accomplished/realized with the

aid of the digital code of sent EVM or from the panel for operator

K' into the control unit of addressing.

The part of the analog signals, necessary for the direct

observation, they are transferred by the wide-band cables and are

connected up to the independent equipment for representation; input

of these signals into tae computers can be accomplished/realized with

aid of the converters which equipped computer. All remaining signals

are transferred literally witn the aid of the commutator, controlled

_ o I j
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by computers or operator oi systfa (or accelerator). Controling

channel of subsystem ccntaius inverters: code- state, the code

analog, code- shaft.

*All signals from the acceleLdtor and to the accelerator are

relayed to the computers tnrough panel for operator.

With the aid of the devices/equipment on the panel the operator

can follow the informatcin, waicn enters in the computers, and

accomplish/realize autcnczousily coLlection of information and manual

*control of the devices/equipmenr of system.

Into equipment fo: anei enaecs the storage unit, which has the

limited number of cells (-10). in the mode of -utomatic control the

recording of informaticn into the cell is accomplished/realized only

under the condition of ccinciding the address, which comes from

computers, with the address, ccllected on the panel of manual

control. Recording occurs through the commutator with the aid of the

control unit of recording, then digital signal will be decoded and is

reproduced on the display devices/equipment of panel. Transition from

the automatic control to the manual local is conducted with the aid
of the ccntrol unit by thf kind of work. During the manual control

the operator of system must coilect on the panel of the manual

control of the address cf informational and actuating

<1l
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devices/equipent, and aiso tae codes of the values of the ccntrol

pressures. Transmissicn ana r.ception of signals must be synchronized

with the cycles of acceiezation. U

II

1

i

1
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Block diagram of the collection, of information in the control of the

system of accelerator.

I~)

Key: (1). Subsystem (funCtonal systems of accelerator). (2)

4Commutator of analog signals. (3). Commutator of analog signals. (4).

Commutator of temporary/time of signals. (5). gonverter of state-code

(static. (6). eonverter of state-code (dynamic. (7). Converter of

analog-codg high-speed. (8). Converter time- code high-speed. (9).

e-onverter analog-code (slow oi signal) (10). Converter analog-code

IAf
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7 static signals. (11). Ccnverter a rime- code slow signals. (12).

*} : Synchronizer. (13). Converter code- state. (14). Converter analog

code. (15). Convertar code- shart. (16). Formation of words buffer

storage. (17). Commutator or informational signals. (18). Unit of

control of addressing. (19). Coamutator of ccntrol signals. (20).

Timing pulse. (21). Buffer device/equipment. (22). Panel of manual

control. (23). Pommutatcr. (24). To other subsystems. (25). Address

of informational signals. (26). Address of ccntrol of signals. (27).

Controlling effect. (28). control unit by kind of works. (29).

Address. (30). Controlling signdis. (31). from. (32). Commutator.

(33). Memory of k- words. (34). Recording unit. (35). Oscillator of

addresses. (36). Decoder. (37). Indicative device. (38). Coupling

unit s. (39). Panel for operator.

Page 241.

' 4

* This operation/process during zhe manual control is produced the

oscillator of addresses.

II Address signals, hotn arriving from without and formed during

the manual control, partially will be decoded in the unit of control

by the kind of work and contro.L the commutator of subsystems, which

connects the appropriate address and controlling channels.

A

{1
-4._
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Block of counectlon/communacation of the panel for operator with

the computers and the cenzral ccutrol desk, makes it possible to

check the actions of ozerator, and it also makes it possible for

operator TO systematize setting up in the computer memory and to

request the required pzcgrams. In the series/row of the panels for

4 systems it will be necessary to set the indicative devices/equipment,

controlled of the computers, aiid wnich supply the operator of system

by the data, obtained cn tne oasis of information analysis. Central

accelerator frequency car De ccnstzucted according to the same

diagram.

The block diagram of tne collection of information and

transmission of the contro-I prossures is suitable both during the use

by one computer for the coimzol of entire accelerator and during the

use of several computers, united into the hierarchical system from

the computers of the highest and of lower level.

j{ During the use of cheap and reliable small computers the

use/application of a multimachine version is more preferable, since

in this case the step by step pcssible conducting of automation along

the functional systems kith the consecutive insertion of means into

the equipment and the ccmmun ications. The analysis of the

informational and control signals taking into account the use of the

I proposrod block diagram they maxe it possible to make the conclusion
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that in control of Serpuxhov accelerator there is no need for
applying computers with tha tn. large hi.gh- peed. So for the

single-machine version is necessary com,)uter with the operating speed

of 50-100 thousand operations/processes per second and in volume of

working storage -6s k. in the muirimachine version the operating

speed of the computers cf tne 1cwer level can be limitedly 20

thousand opecations/processas er second. Volume of working storage 4

and 32 to cells for the computers of lower and upper level

respectively. In any event central computer must have interchangeable

disks and strips/films with the informational capacity/capacitance

not lass than 500 k, dispiay on tne cathode-ray tube, ATsPU and unit

of selection of programs from tne lasting computer memory teleprinter

cr electrified macine.

During the first stage or autcmation must be accomplished the

checking of the parameters of accelerator and the presentation of

information of the analysis of its work in the edited form. In the

scond stage must be introauced into the computer memory the routines

of control; they must be caused by the operator on the basis of data,

represented to computers. Tnird stage - direct control of computers

by the accelerator on the oasis of data, obtained from it. The

'I introduction of the pr-ogram s of this type will be it occurs only

(after the careful analysis of the accumulated experience.

a -N'S
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Tha effectiveness oi automation and the correctness of the

selected principles and methods is intended first to approve on one

or two functional systews of iccelorator.

Usa of computer for th4. automation of Serpukhov accelerator must

as a result increase the reliaKhity of the functioning ofi accilerator and a number of conaucted on it physical experiments, and

also improve the parameters of tne accelerated beam.
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Discussion.

V. G. Sukhov. There were any assumptions relative to the type of the

'1 machines, to which ycu ara oriented"

A. A. Kuz'min. If w speaf about the machines of low level, then

"' we are oriented toward the sacn-.nes of the type "Parameter".
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167. To a question about tne oveiall automation of linear accelerator

on energy of d 2 GeV.

YI. A. Grishaev, Yu. I. DoDrolyubov, V. 3. Kobezskiy, V. I. Kolosov,

V. D. Krasnikov, V. V. *lel'nicheanc, V. I. .Iyakot.

(physiotechnical institute of AS UKSSR).

Lino?",r electron accelerator to the energy 2 GeV is put into use

in 1965 [ 1 ). Control of accelerator at present is conducted of three

points. The initial part 31 th accelerator, which consists of 10

sections, copes with the panel for operator. The others of 40

accelerating sections cope witm the central control desk for

dispatcher, and output units and tae system of beam shaping - from

the panel for conclusicn/output.

Page 242.

On the panel for cperatcr are arranged/located 50 control

devices and 54 monitoring and measuring instruments, 200 controlling

also about 220 monitoring and measuring instruments on central

control desk for dispatcher and on the order of 20 controlling and

:ii
1 S

1I
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monitoring and measuring iv cLuaents to the panel for output. On the

local control panels are anout 250 monitoring and measuring

instruments, on which is conducted the estimation of the state of

work of the accelerator. Loca. control panels are arranged/lccated in

'* the klystron hall, having lengta of 250 m.

In the course the o ,dration ol the acce.lerator of the

characteristics of indiviaual systems is improved and at present the

series/row of the output parameters of beam significantly exceed

designed. Usually the energy disiipation of the accelerated electrons

in the operating range of eueryls does not exceed 0.7o/o at the

level 0, 5 3m= and 1.9o/c at tha ievel '10 m;z and the best. values

respectively - 0.15 and 0.55o/o.

Work of the accelerator in the modes/conditions with the close

tolerances, and also increase in toe requirements for the beam lead

to considerable complication ot its control. During the operation of

accelerator in 1969 about 20o/o o. time left to the tunings and a

chanqe in the mode/conditions. Anmng other things to the

..aarrangement of accelerator with a change in the parameters of beam

in the demand of experiienteL are spent about 8o/o, to the tuning of

accelerator with the insignificant divergence of the parameters of

beam - about 6o/o and to tue search of malfunctions with the

divergence of the parameters or seam from the given ones - about

Ii" -
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For an improvement in the effectiveness of control of

accelerator, reduction of the unproductive expenditures of time and

guarantee of maximally rcssible stabilities of the parameters of beam

is developed the program of the overall automation of accelerator.

The basis of overall automation is the use of the electronic

digital controlling system "Dniepr-2", with the aid of which it is

proposed to solve the following problems: a) the automatic check of

the parameters of beam ana the imiortant parameters of support

systems; b) the retention of anerg i of the accelerated particles with

the precision/accuracy +-(0. 1- LuI)o/o, the guarantee of divergence

in limits (1-5) X 10- 5 of rad ana necessary size/dimension of beam

for the target, limiting the aciu.ft of the center of charge not more

Ithan +-0.25 mm, or the retention of the intensity of beam within

limits of #.-o/o; c) a change in energy and intensity of the

accelerated particles in tae aemana of experimenter; d) are more

distant near forecasting of parameters of beam and technical
f

diagnostics of the systems of accelerator; e) the optimization of

control of accelerator.

For our acceleratcr it is proposed to utilize the

v information-control system whose Dlock diagram is shown in Fig. la.

411
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The selection of mode/condicauus and tha setting up of the necessary

parameters of beam are CcLIQucted by experimentor and wiTh the aid of

the input unit it is transterrea to the system "Dniepr-2". In the

dispatcher of accelerator on Dy indicator device ar6 reflected the

required parameters of beaa and &he operating mode. With the aid of

the special commutators cf cont.A. and measurement the machine

automatically controls equipmant component and automatically are

measured the parameters c: Dedm and systems. The dispatcher of

accelerator controls remctely intermediate systems and is checked the

part of the parameters cf systems. Connection/ccmmunication with tae

computer dispatcher prcduces ith the aid of the teleprinter.

Retaining the principle of auditivity, a program of the overall

automation of accelerator it is proposed to carry out into several

stages.

£ stage. Introduction of tne central control of systems, the

I start of local regulatcrs to the basic parameters of beam, automatic

control the output parameters of Deam and efficiency of main systems

with the aid of the computaticnal controlling complex "Dniepr-2",

tasting of program of consultant.

II stage. Preparatica and inclusion into the control of the

I

f accelerator of the elecronc dgtal controlling system "Dnipr-2"1

U
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into the mode/conditions of th%- catention of the parameters of beam,

the testing of the program of zorecasting and technical diagnostics.

II stage. Gradual transii.on to full-automatic control for the

self-teaching program.

From the oint of view of ccatrol linear electron accelerator is

system with a large quantity of iaput and disturbing effects, which

determine in the final adalysis the output parameters of beam and

their stability. To the most _im~ortant output parameters should be

carried: the parameters cf the energy spectrum of the accelerated

particles; the position cf the cEnter of the charge of beam in the

accelerator and to the target, the emittance of beam; average/mean

and pulse intensity.

t The investigation cf the instabilities of beam shows that in

terms of the character and conaitionally it is possible to divide

them into somewhat sufficieut clearly chosen groups: instability to

(2-3) o/o with characteristic periods (0.5-2) s (Fig. 2a) ; instability

of approximately 5o/o %itn period (10-20) s; to instability

(10-20)o/o with the periods more tnan 1 min (Fig. 2b, c); short-term

short duration failures (Fig. 2b).

-A
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Fig. 1. The block diagram (f tae information-control system (a), the

basic control loops of acce .rz:or (b) D - dispatcher of accelerator;

F - experimenter; KI, KU - ccmmutators of the measuring and

controlling channels; AU, HU - automatic and manual control; UV -

input unit; FE - equipment for paysical expariment; I - indicator

signal panel of dispatcher; T - teleprinter; EI', U, F - circuits of

control; by energy; by the ir.ansity of particles and by beam

shaping; 0- phase inverter; K? - magnetic corrector; IE - electron

source; o - sensors or intensity, position and sizes/dimensions of

beam; KL - quadrupole lenses.

Key: (1). Accelerator 2 GeV. (2). System "Dniepr 2".

Page 243.
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Data on the analysis oz staDiiity of accelerator (2, 3] show

that in the control system ".t is possible to isolate three bases of

the contour/outline: ccntrol iocj of energy of the accelerated

particles, the contour/cutline ot the beam shapipg and control loop

of the intensity of beam. Taa nicck diagram of accelerator with such

contours/outlines is shcwn in Fia. lb.

The work of contrcl loops it is possible to describe by the

functionals:

W=(Eo0, )

0I= q'(%n, l. Euc),

where i=1, 2, 3 ... 50; &=I, Z, 3 ... 18; W - output energy of

accelerator; E0o - amplitude value of accelerating field i of section;

T- phase of accelerating fieid; - form and position of beam;

W - energy, acquired by eiectroa in section; OqP - current of the

focusing solenoid, Ox, Opp - magnetic correctors' currents; I -

intensity of particles at tne output of accelerator, P~n'- power of

lelectronic preheating, Z4 - filament current of gun; E- -

intensity/strength of accelerazinj field of injector section.

For simplification cf the adjustment of a%-'elarator the part of

4
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the independent variables in functionals E0,W, ,.,Eu ) is

assembled into the standara sets of values and for this mode is

supported by constant. The introduction of such standard

modes/conditions made it possinia to bring together a quantity of

control pressures to 60-70 instead of 250, which led to the

considerable facilitaticn of control of accelerator.

-7

II

Id
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10

Ii-

0 32

Fig. 2. some characteristic recordings of instabilities. a) signal

from the guantameter (taret crystal) ; b) signal from the quantameter

I'
ftr gthe aam h u ) c) as gn'al ) iore

IKey: (1) . s. (2) .min.
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)93 Y

Fig. 3. Block diagram of the stauilization of energy (b) and current

control at the output C£ linear accelerator. IE- electron source; LU

-linear accelerator; SD - resonaator sensor; I -integrating unit; BL

-block of logic; RE - unit with tne relay characteristic; U-

amplifier; US ~accelerating section; MVE - monitor of the secondary

emission; 9 phase invexter; EP - electromagnetic drive; KIU-

Skl~stron pulse amplifier; PM r otary magnet SP-82; T- current of

' accel erator.

Page 244.

For the adjustment oi %juary in the small limits it is utilized

by one of the latter/last accalerating sections, and position and

beam shape- magnetic corrector and quadrupole lens. The control of
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intensity of beam is ccnducted cy the changing of the mode/conditions

of the electronic preheating of the gun of injector.

For an improvement in the staDility of energy of the accelerated

particles is used the stabiLizatioa system [4)] (Fig. 3a), which makes

it possible to compensate distaraaces/perturbations (20-25) MeV

with precision/accuracy 0.2o/o as the sensor with use of monitors of

the secondary emission, diiference signal from which is amplified and

is supplied to the contrci phase-inverter with electromagnetic

actuator. A change in the paase of accelerating field leads to a

change in the energy of particles. Differential circuit makes it

possible to eliminate in some limits the effect of current.

In the control loop of the intensity of part is used the control

system whose block diagram is snown in Fig. 3t. For reducing the

mutual effect of the regulator ot intensity on the work of the

, stabilization system of eergy s used the unit with the relay

characteristic (RE). Deadband is selected as being equal to 2o/o.

with an abrupt change in the intensity of particles the block of

logic (BL) disconnects regulatoz and shields from the damage electron

source. As the sensor cl intensity is utilized span type standard

resonator.

This combination ot regulators made it possible to obtain the
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independence of the wor. or regulators in the mode/conditions of the

retention of the parameters of bdfam. In the process of the

realization of plan/layout, procaoly, will be introduced corrections

and supplements taking into account inventions in experience of

control of accelerator. Basic tasx is the introduction of a

I program-adviser.
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Discussion.

V. V. Tsyganov, is assumed plotting of the mathematical model of

linear accelerator?

SV. I. Kolosov. Thus far this it was not done, but after the execution

II of the 1st stage of worKs We will oeqin the ccnstruction of this

model.

i I

I _____
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168. Data transmission and ase/application of means of computer

technology in the project of tne intersecting rings.

By P. Uolstenkholy.

(CERN, Switzerland).

1. Project of intersectiny rings (PNK) [11.

The actualization of tie project of the intersecting rings in

CERN was begun in 1966; the beginning of experimental investigations

on this installation up is planned for July 1971. Proton beams they

will circulAate in two cpEosite dia~ctions in two separate rings,

arranged/located in the general/ccmmon/total tunnel (see Fig. 1).

Into each ring will be injectea a large number of

impulses/momenta/pulses from tne proton cyclotron on the energy 28

GeV and as a result of the accuaulation of particles they will be

achieved/reached current on oraer of 20a. The intersection of beams

is possible at eight pcints; now,'ver, in the first experiments will

be used only four of them.

C PNK differ from other instailations for the investigations in

high-energy physics in terms of tac special features/peculiarities:

large area, occupied by this instailation and b an enormous quantity
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of accessory equipment. For examp.Le, vacuum system contains more than

700 pumps and vacuum manometers and represents already itself very

complicated object from the point of view of control and direction.

There are approximately 300 separate circuits of pcwer aupply of the

magnets which require control anu control, and also large number of

devices/equipment for mcniorazia tne beam.

The electronic circuits of control and the sources of power

supply cannot be established/installed in the circular tunnel as a

result of the high amounts of raa.Lation; therefore they are arranged

in eight buildings for tne aquipmant, erected in the circumference of

ring.%,%-t building is lccactu near the beginning of system, for the

translaticn/conversion of beam. Finally, very large tenth building is

oc- Aied with the central aquipmenr of the system of power supply and

coing; in one end/leau of tnis ouilding is arranged/located I
* console.

Equipment for data collection and control system they are

concentrated in these builaings foL the equipment; the signals

L between these buildings and consoLe ace transferred usually by the

multiplex channels for the purpose of the savings of cables.

Page 245.

)A1
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2. Control system with ccmputer £21.

The system of contic4. QL N with the computer was planned as

observation system (control), but not for the automatic control.

Computer functions ccnsist if ensuring of transmission and indication

information to the service personnel and to transfer the commands of

operator to different equipment ccaponents. At present primary

attention is concentrated in providing functicns which can prove to

be useful during launching/starting of rings; however, in future year

will be turned larger attention to the automation of control. Up to

now program any cybernetic elaments/cells, and all

operations/processes of control &re fulfilled by operators; however,

at the same time are examined several diagrams of alitomatic control

with closed circuit, which iulfill the functions of otimization. One

should emphasize that tne most ccplicated problem in the case of any

control system with the computor concerns the input units and

conclusion/output. only after it is established/installed, that the

iachine has an access to the reliaole information, it is possible to

examine the mathematical probiems of closed circuits of correction.

'n order to ensure the maximum accessibility of the system of

-, ,gputer, it was decided to set two identical computers of modular

construction/design. One oe tam is utilized as the basis, the worker

"on ling", whe ias the second serves as the source of different

Ai
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blocks/modules/units for the rejidcement (Z5 magnetizing cores, the

digital units of input and output, etc.) and is utilized as the

compter "off line". Bcth macnlnes are connected the lines of the

transmission of informdtion, wnicd makes it possible to utilize the

second machine for the soiution or some problems on real time, too

complicated for one basic iachiae. Up to now the presence of two

computers having inestimaoiy Con+aj6o-t to ce1 ._r*o of the

development of system, ensured tne possibility of the parallel

development of equipmert dind cZcram cf software. In the period of

operation PNK during use oj cne cf the machines "on line" this will

ensure the possibility of continuing the development of syst.m

without the limitations and tne difficulties, which may arise during

the attempt to combine r-a.t 4nd ctner functions in one machine.

Each computer has ZU oi' the disks, is conducted assembly ZU on

a the magnetic tape. The latter will be utilized for the recording of

data in the operating cycles of computer and for the recording of

data in the usual order, an d tney will be also useful in the process

4 of development of software (see tas block diagram Fig. 2).

In the system with tle ?xtarnal control most important

kf element/cell is connecticn/communication of machine with the

operator. Although the aatd e~traction of computer will be

accomplished/realized with the aid of several fixed/recorded

,I
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annunciators, and control ot it ith the aid of the fixed/recorded

control switches, importaat value for all new or special fucntions cf

machine has its flexibility. Tharetore computer will be equipped

besides the teleprinters with cwerful/thick display system with the

electron tubes and with keyboara. vith the aid of teleprinter or

keyboard of display system it will be possible to turn to any

programs and cause them ia any sequence. During at least the the

nearast to twelve months tue majority of programs will be utilized

thus such.

All programs and arra s of information are equipped with the

designations, which cortain to fcur letters. For addressing the

program on the keyboard is colLected/composed its designation, and

then, if necessary, the taDle of the values of the pardmatsrs. The

conditions, which are not necessary, make it possible to launch

program into the specific mcment/Lorque either the time interval or

to synchronize it with the moments/torques of injection in PNK, or to

~cause the specific exter nal unit.

(3

I
4 ___
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Fig. 1. Plan/layout of ccnstruction site of PNK.

Page 24 6.

To each command is givesi tha ,warer which either is

0 0 i'

p 1



. collected/composed by cperdtor or it is appropriated by machine.

Marker can be utilized tc t rminatae the work cf program. Are given
below some examples of the ccwmands:

VTVR - indexes/identiiies the position of beam;

3SET (246T, 1) - "ed uode of the magnets of section 1 to set in

accordance with the able 241; j

TEST; ASCN, I=5S(2) , 2 (2, ) - test program; is studied analog

interrogating unit 2, introduction/input 34, after every 2 s, prints

10 references. Narker "TEST";

L PEMOVETEST - ceases tne wor. cf preceding/previous program

(A SCN)

Program-dispatcher switcnas on the means of multiprogramming for

seven users each of whcm has avaiiable the separate panel (keyboard),

the means of memory allocation in ZU on the magnetic cores and on the

disks between programs and arrays of the data, and also the memory
g; II

buffer ZU of display system.

Fundamental sets cf input and output, connected with PNK, are

considered as external units and are controlled also by supervisory

LJi
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program. This makes it jcssizL to utilize them more than in one

simultaneously called prcgram, wnich is substantial for such elements

cf systRem as the analog interrogating unit.

Programs usually are stor~a ia ZU on the disks in the moving

binary form in the state of readinass for thi call for any field ZU

cn magnetic cores.

The time of days is assigned through every 10 ms with the aid of

the pauses from the central synchrcnizing system of PNK, and the

operating time of all Ercgrdm s cubies itself either to these pauses

or to the impulses/momentd/pulses of device/eguipment for the

particle injection, accelerateu cn the synrhrctron.

In another computer is utilized another program-dispatcher. It /

contains more complicated operators of the arrays of information and
allows/assumes the possibility of composition and use in the line of

programs in the language FOd"AN. Programs can be stored in ZU on the

disks, being they are written, ii this is necessary, in the input

language, the accumula-ring la:ayuaye, in the mixed or absolute binary

code. Since the plotter requires tne larger library of routines in

the language FORTRAN and the laryer capacity of storage (ZU on the

magnetic cores), it is ccanected with the seccnd computer.

-X

I .. .. L
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L ~When this is convenient, iith the programming is utilized the

possibility of the "conversdtion" of machine with the operator. For

example, if command incozwp.ete, machine puts cut the information

about the missing elemert/celi and the correction method of error.

p I
f 1'

I-
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Fig. 2. System block diagram of ccntrol of ?MK with use of twoN

controlling computers.

Key: (1). Tape-drive mechaisms. (4.and system of of beam transfer.

(3). Control of magnetic recorder. (4i). Pulse outputs for electric

power supply. (5). Interface. (6). Analog scanning system. (7).
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Control of electric power suaj±Y. j8). Simulating block/module/unit.

(9). Control of power supply (it is twisted). (10). Programmers.

(11). Engineers. (12). Operators. (13). Panel for operator. (14).

STeleprinter. (15). erapi pAotzer. (16). Control anit of peripheralS ,
devices (17). Digital scanning system. (18). Monitor. (19). Qead out

from paper tape. (20). Liae oi data transmission (21). Monitor. (22).

Equipment, created in CERN. (23). Counter from paper tape. (24).

Equipment created by fii 7erranti. (25). Unit of control of display.

(26). Unit of control by puach devices/equipment. (27).

Device/equipment of reaoing or punch cards. (28). Device/equipment of

press/printing on parer tape. (29). Panel 0 with keys/wrenches and

"rotating sphere". (30), Teiaprinter. (31). Press/printing.

3. Data collection.

SSlowly changing numerical data, for example signals about the
' position of valves/gates and the state of the control equipment, and

also signals about the malrunctions in the power-supply system, are

collected by the continuousiy working interrogation device/squipaent

with the control on transistors ], which sisultaneously requests

2groups of 2 contacts and it introduces directly into ZU on the

magnetic cores of word ot 24 pits, which describe their state. Every

112 ms in ZU on the magnetic cores is supplied the perfect

information about the state oL 80 contacts, which replaces thG

I-

y°



DOC = 80069319 PAGE 

previously entered informatLcn.

Readings of the analog instruments of are gathered by

interrogating unit on the relay, and then enter integrating digital

voltmeter [5, 61. This ir.struent aas a somewhat unusual

construction/design and consists of the converter of voltage into the

frequency, path of impulsas/momenta/pulses from which they are

supplied to the counter in the console. Osually measurements are

conducted with the time cf integration 20 ms, but for each reading it

is possible to assign the tiwe cf integration 10, 100 or 200 ms.

Although this system can seem uY siow, because of the presence of two

converters in each of 12 centers of data collection the total rate of

measurement can reach several nundred readings 1 s.

Several subsystems are connected with the computer by rapid

lines of transfer of digital information.

4. Data transmission.

PNK contains very d.Lverse equipment. Some of its elements/cells

are connected with the macaine, ot~iers are not depended; the part of

this equipment is constructed in CERN, and part is prepared with

industry. Therefore the unavoidably simultaneous use of several

transmission systems of signals. it was at the same time necessary as
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far as possible ensure the savlnjs of cables and not to supply all

signals directly to the equipment in the console. Therefore for the

transmission of information to tne buildings for the control

instruments frequently are urilazed the multiplex communication

channels. In the systems or data collection from control system by

power supplies on the uide scales is utilized the matrix method with

the use of diodes, whica, maes iz possible to transmit IxN signals on

. N to leads/ducts.

As far as possible ia the lines of transmission of signals to

the buildings for the equipmeat ar E utilized the high levels of

signal and narrow frequency oan . standard multicore cables of PNX

consist of the woven pairs of strands of the common screen; it was

established/installed, that they are very convenient for the balanced

transmission of synchrcrizing sagnals. The special four-wire cables,

containing each 2 veins/stranas for the vidao frequepcy and the low

frequency, proved to be excellent for the balanced transmission of

signals at the more higa frauencias and with the distinct results

they are utilized in the closed-circuit television systems. The

use/application of lcng coaxidl cables is limited by the cases when

is required broad frequency band or precise knowledge of delay time.

In many lines of ccntrol for the vacuum systems is used the

system of carriplex [7], which maxes it possible to combine 400

1'
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channels for the transMission of control signals or measurement data

with the frequency by band 10 Hz La one cable. In this system there

are separate receivers and transmitters, which can be

established/installad in auy place, which makes it possible to ensure

extreme decentralizaticn. Thus, hasic designation/purpose of this

system in PNK there will oe tne guarantee of temporary/time,

experimental either urgent lines of communications when the packing

of special cables is uteconomical, or unrealizable fast enough.

The leading idea during tne design of the control systems

consisted of concentrating of coxplicated equipment in the console,

and to utilize simple multiplx methods of the transmission of

commands from the consc.e to the distant objects of the controls

which also must be possibly simjler. Where this is possible, the

computer is connected wit, caa .aulziplex line in parallel with the

panel for manual contrcl. One saculd emphasize that PNK are not the

pulsed accelerator, but by the machine, which works in the continuot's

duty, which aftsr starting/iaunching continues to work without the

supplementary injectio. Therefore the frequency band of control

signals is small, and the frequency band of the system of monitoring

equipment also could be small, if it is not required to provide

access to the large quantitl ok information for guaranteeing the

successful launching/starting of tais new machine. The large part of

pilot signals is connected w~ih the pulse nature of the process of

I

II
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injection.

5. Control of the sources of feed.

Power supplies in the system for the translation/conversion of
beam are equipoed with dij-.al-anai ^  converters of the type of

catenary with relay changeover Ld]. majority of them has tha

resolution of 5 decimal Foints and short-term stability about 2. 10- 6

h-1 : their control is accomplisned/realized on the basis in parallel

collected information.

The basic sources ct power supply of each ring PNK by

full/total/complete with power cf o.9 .1W are equipped with the

analogous converter, mcdified wita the calculation of stepped controltI
instead of the straight/direct parallel control.

In the power supplies for the auxiliary magnets of PNK are

utilized digital-analog converters (9], in which resistance catenary

is equipped with semiccnductor switches. In the control system is

utilized the reversible binary counter by capacity/capacitance 12

bits. It is the electrcnic analog of potentiometer with the

step-by-step motor as the drive.

Control channels cr the sources of power supply of different

, I
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types ace not depenl]ad. la paai.tijai antgring data from 95 supplies

power of the system cf tha trazalation/ccnversion of beam alternately

dre supplied to the conv -rtar. 1he full/total/complete setting up of

currents in the entire line of tna translaticn/conversion of beam is

accomplished/realized by a computer in 1-2 s.

Page 248.

The tuning of tL, scurces cf power supply of PNK, the need for

which can arise in the Frasence a the circulating beam, and which

frequently requires thf zatched caiaiie in the series/row of currents,

Sit is reached in the ccntrol system jith the computer with the aid of

a 320- channel pulse generaTo.r L10] and binary multiplier with the

distributed time, that ensure tan -ndepende.. frequencies for all

channels in the ranqe 0-255 Hz. Control is accomplished/redlized with

the aid of the table, calculateu oy computer each second and by that

storing in small ZU on the iaayadtic cores. Supplementary manual

control is limited by the slow and rapid adjusting of two power

supplies simultaneously.

The ,rograms of instaliaticn of the modes/conditions of power

supplies are construct:d in suca a way that is provided the

indication of the conditions, whi-6 block the execution of command.

£'or this rurpose all scurces are conne,'ted with the digitalIil
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interrogating unit for tha checfing of their state.

6. Observation of beam.

Rings and channels cr ueaA transfer are equipped with HF

electrostatic electrodes fcc measuring the orbital parameters. These

electrodes are connected jy ta clcuit of coaxial cables with the

switches, which makes it po~sble to derive sijuals from two of any

pairs of electrodes to tha bcoaabaad oscilloscopes in the console

il]. This system makes it possiale to observe the structure of

clusters and a change in rhe ornital parameters.

In addition to this oroadband system, which makes it possible to

observe readings of one two monltors; it is provided for the

! system of processing s igna s [1z], which transmits in the narrow

frequency band on the ccmputers the information, from which

simultaneously are extracted data zor all 52 measuring electrodes

rings. is possible two xegimes of the work: the measurement of the

orbital parameters on any one revolution immediately after injection

(in the limits of ten revolutions) and the measurement of the

paraireters of the closed oroit w.tn the higher precision/accuracy

after the dephasing cf cetatrou oscillations. For processing of

signals from translaticn/conver-ion system of bundle are used the

entreated devices/equipment for calculating the orbital parameters in

-A1
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one orbit. Very character of theas calculations, in combination with

the errors for calibration and tiie drift of electronics, requires use

for calculating the .ositloi of thi beam precisely TsVM, if results

it is proposed to utilize for tae immediate orbit trim. It is

olanned/glided to construct tue display unit on the zathode-ray

tubes, which will give tkie imaqe of orbit in two projections and the

press,printing ils carameters.

The results, obtained up to now, show that at intensity 1012

prctons per pulse the precision/accuracy of measuring in the channel

of the translaticn/ccnversion or seam will be +-0.5 mm.

7. the inspection oZ vacuum system.

Vacuum system of ENK is very extended (13], contains an enormous

number of pumps and vacuum mancfeters. Polecat it does not require

the frequent oper.ations/Frocesses of control, it is necessary to

ensure regular contrcl tcr the purpose of the timely detection of

failures and checking c± the general state of vacuum.

TsVM is utilized for guaranteeing the operator with th almost

entire necessary information. Ccmplex problem is the operation of the

vacuum gauge of Bayard -Alpert witn the modulated supply with the

vacuum 10-11 torus.

ii
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8. Conclusion.

The problems, stated on the first phase of construction PNK, are

very diver3e. By computers it is utilized for installation of

modes/conditions, for the hija-speed indication of results on the

real scale of time and foL the recording of data when there is a hope

to set the more effective metuod of their use. In this region there

are great possibilities c zurthur development, in particular,

development of cybernetic matnods of control by machine and the

guarantee of aid to physicists. The ways of this development will

depend on the experience, acquired on the first phase. Results,

obtained up to now, very heartening. The author must note the

productive efforst of al1 collaagues of the subdivision of automation

and aid and support frca siae of many other colleagues of division of

PNK.
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A

Discussion.

S. A . ileifetz. What principle is laid as the basis of your cont'o1

system: the principle ct tue maainancs of the prascri'Led/assigned

values of the pacaret3ri ci: cfl3 principle of the optimization of the .

parameters, ie., th e see ren of thle best so lution in th is sit uation ?

P. (olstenkhollm. We have two riags, injection in which is

accomi-lished during the haif-aour. All parameters, which ensure the

-4.
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circulating beams, [ust have h-in stability during entire time of 3

experimentation (24 hours). To this was made special detent. By the A

task of the optimizaticn ut pcocesses we did not thus far yet deal.

I"I
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169. Automatic complex rcr control oc the model of cybernetic

accel erator.

V. Ye. Abadzhidi, N. I. Andriusncnenko-Lutsenko, G. I. Batskikh, A.

A. Basil'yev, Yu. S. Ivaiiov, N. K. Kaminskiy, V. N. Kudin, A. A.

Kuz'min, Yu. S. Kuzlmin, N. I. Kuzimina, V. A. Miroaos.

(Radio angineering institute of the AS USSR).

Advance all to the hip anera9es of the accelerated particles

necessitated the develc¢ing/pzocessinq of protoD synch'otrons to

hundred, and in the future also to thousands of GeV (1-41. The

tendency to lecrease the cost/value of the circular accelerators by

the superhigh energies irto hundred and thousands of GeV led to the

idea of the constructicn of skoall-aperture cybernetic accelerators

(6-8], steering of oeam in wnich is accomplished/realized with the

aid of the control computers.

For gaining of the experieuce of development and construction of

-I____
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cybernetic accelerators in the radio engineering institute of the AS

USSR is created the model of cytraetic accelerator (9] - the

small-apertura cybernetic proton s'trong-focusing synchrotron, which

has the mean diameter of 17 m.

The test of experimeatal wor.s for the model of cybernetic

accelerator showed that particle acceleraticn in the small-aperture

accelerator, and similar it is possible to call the accelerator, in

which the mixings of beam ,s a result of errors in the magnetic field

are the values of the crder of tne aperture of vacuum chamber, it is

connected with a whole series OL special features/peculiarities.

If we briefly descrioe thes special features/peculiarities,

then it i.s possible to say thdt all effects, including usually

considering secondary, ccnnected with the beam displacement from the

axis/axle of chamber/camera, under the effect of the various kinds of

the changing in the tiwe dIsrurnances/perturbations acquire

considerably greater sharpness, aaa the adjustment of the separate

modes of operation of an accelerator-process of injection, the

mode/conditions of the tirst Levolution of transition from the

mode/conditions of the first revolution to the modaconditions of

circulation - it requires considerably larger thoroughness, which

cannot be carried out uathut the use of UEVM1.
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Yo us it seems that in spire of the increasing spread/scope ef

mathematical simulatior wtzn thi aid of computers, the experimental

final adjustment of thE aigoritnms of control on the model of

cybernetic accelerator, ta iving possibility to correctly and

convincingly consider the actual conditions for the work of the

complex of equipment tcgetn r with beam of accelerated particles,

will allow henceforth tc outain important data, necessary for

development and starting/launching of the prcjected/designed and

planned accelerators for tne su erna.gh energ, in which it is

proposed to widely use the metnods of the automatic control (see also

[9 - 12, 14, 15]).

At present for the control of the model of cybernetic

accelerator it is utilized JEVd cf the type 'Dnepr", connected with

the equipment for accelerator with the aid of electronics of

connection/communicaticn. In preceding/previous work (17] were

des'-ribed some algorithms of the adjustment of beam in the

accelerator. In the present worK is described the block diagram of

the projected/designed autoaatic complex of the model of the

cybernetic accelerator whica it is planned to construct on the basis

two UEVM "Dnepr" with the accumulators/storage on the magnetic tapes,

moreover it is proiided for tne possibility of the exchange of

5information with the ccmuters 1B11&6-6", and also works on the

creation of the composite/compound algorithm, which permits

is3 -
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implemention of an adjustaent or the position of beam from the

injection to the acceleraticn.

The block diagram of tne )zojected/designed automatic complex

for the control of the mcael of cybernetic accelerator is represented

in Fig. 1. Into automatac coniclex enter two control computers

"Dnepr-1" (UEVI-1 and UEVM-L) and universal digital computer 3ESLI-6

(computers). Directly ccntrol and airection of the modes/conditions

of work of the accaleratcz accomplish/realize the machines ,,D1epr",

which work in parallel. Discrete/dagital and analog input and output

units of both machines througa ;he switching devices/equipment are

connected to differant elamgnts/cells of equipment for accelerator.

' I

AA
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Fig. 1. Block diagram ci autcmaic complex for the control of the

model of cybernetic accelarator.

Key: (1). Amplifiers. (2). Siitcniag devices/equipment. (3).

Discrete/digital and analog input and output units of computers. (4).

Switching circuit.

Page 250.

To UEVN these units also are connected through the switching circuit

so that any TUEVM can wcrk witn any input and output units. During

this construction of tle contrcl sisten in thq case of breakdown of

! one of the machines ancth-er can partially take the execution of its

function for itself. In the process of the work through the special

i: device/equipment UEVM they are excnanged between themselves

9]
I;
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information. Thq? synchrcnzirioa of computer operation with the work i "

of the accelerator in the time is accomplished/realized through the

channels of interrupticn by sigitals of the timer device/equipment of

control system by the crccesses of accelerator.

Algorithm of the wcrN of 4aaire automatic complex is determined

by general routine - disc-ttcnar, placed in working storage one of the

machines "1Dn!9pr". All prog-aas cn completion of the separate

operations/processes of control and direction are stored in the

accumulator/storage on tne magnetic tape (NML) and are

transferred/translated into th working storage of UEV as need-i.

UEVM cin turn to any of two Nli. Tae information, obtained from the

accelerator, is preliminarily wcred by machines "Dnepr" and is

introduced in NML, whence periodically, if necessary, it can be

transferred to the machine BESM-o for more full treatment.

In last two years cn the model of cybernetic accelerator

,s conducted experimental wcrk on the creation of the algorithms of

SI. control and control of the separate working processes in the

accelerator, which subsequently must enter as composite/compound

component parts into the general routine of the work of automatic

complex.

The general/common/total algorithm of control and control of

l,
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cybernetic accelerator enlcoLW0pdsses the algorithm of position control

of beam in the modes/conditioas of the first revolution, circulation

and accelerations, and also algorithm of the functional inspection of

the basic systems of accelerator (Fig. 2).

h4

Ths composite/com~ound algorizha of the control of position of

beam in the mods/conditics of the first revolution in turn, switches

on in itself the algorithms of the setting up of the value of the

magnetic intensity, which correspoads to energy of beam, selection of

the optimum conditions ror the -atroduction/input of beam and

adjustment of the divergences of beam from the axis/axle of vacuum

chamber, caused by an azimuthai error in the magnetic field.

Before the adjustment of the divergences of beam in the

mode/conditions of the first revolution the initial conditions for

the introduction/input of oeas into the accelerator preliminirily are

established manually sc that the divergences of beam, measured

according to the established/iastdlled along the accelerator

fluorescing screens, would be mini urn.

Time of execution cf the algorithm of the adjustment of the

divergences of beam from the axis/axle of chamber/camera 10-15 min.

After the adjustment of the divergences of beam from theVt
! 4
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axis/axle of chamber/camera on the first revolution is fulfilled into

the mode/conditions cf cizculacion the automatic refinement of the

initial conditions for the intrcduction/input of beam from readings

of the device/equipment, whlca records a difference 4n the positions

of beam with the first and second revolutions at tio initial points

of ring, spread on the eriwneat to 1/4 lengths of betatron

cscillations Algorithm accomiishes/realizes changes with the aid of

the correctors of positioL and angle of the introduction/input of

beam from the ion guide into tna accelerator and it reduces to zero

differences in readings cf ttese sensors; those measuring the

divergence of beam on the lirst and second revclutions. The execution

of the algorithm of the controi of the initial conditions for the
introduction/input of beam occup ies 4-5 in.

'4 After the refinement of initial conditions should be again

* carried out an adjustment of tne divergences of beam from the

axis/axle of chamber/camera in the mode/conditions of the first

revolution. After this it is possinle to transfer/translate

accelerator into the rcde/coaditions of circulation.

During the circulation it is possible to accomplish the

adjustment of the divergences of neam from the aris/axle of

chamber/camera both in the mode/coaditions of magnetostatic field and

in the mode/conditions with the growing magnetic field. Measurement,

%1I

2 - _____
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and if necessary the corractiou of the divergences of beam during the

circulation in the mcde/conuitiors of magnetostatic field is

desirable from the pcina oz vied of the contrcl of the

preceding/previous staqes of contzol. The correction of the

divergences of beam in the mode/conditions of circulation upon the

injection in the growing magnetic field allows, furthermore, to

consider the errors in zae magnetic field, which appear in the

growing magnetic field.

For controlling the diverjences during the circulation were

finished two algorithms. In one of them was determined and

automatically was establisned/installed the average/mean relative to

the boundaries of apertura, position of beam. In this case as the

indicator of bundle was uziliztd tae sensor of the intensity of beam

current, and as the perfcrming systems - organLzed in "triplet"

corrective magnets (20 pcs), waich make it possible to obtain the

shift of orbit during the excitation of the correctors, who belong to

4 one "sets of three" cnly in tne l±its of this "set of three".

4 Control occupies 10-12 win. 2r cision/accuracy of control - 0.5 mm.

Another algorithm is based on the depression of the dangerous

azimuthal harmonics of magnetic field. In this case as the indicator

of bundle is utilized the sensor of the intensity of beam current,

and as the performing system - system of the corrective magnets which
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on ths commands from UVm excite 5, 6 and 7 azimuthal harmonics. The

control of the positior of ceam mith the depression of three

harmeaics lasts by 1.5-2 mia.

:2

;; I

:1

V ... .. .
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~Fig. 2. Block diagram cf algoritam of the control of orbit.

i ! Kay: (1). Preliminary concrol of parameters of the injection of beam.

'll(2). Control of intensity/stzntth of middle magnetic field. (3).

I control of orbit in mode/coaditious of 1st revolution. Calculation of

'! average divergence of czbit- C. (4), Comparison C to allowances. (5).

!,! Transition for circulatica precise control of parameters of injection

of eamondifference in its divergences on 1-oha and the 2nd

,--

/5)'%o ui~vw
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revolutions. (6). Control of eauilibrium orbit in mode/conditions of

circulation. (7). Contrcl of ozt t in acceleration mode.

Page 251.

.4 For orbital correction maneuver in acceleration mode to the

corrective magnets with tae aid of UVM "Dnepr" are put out the

currents, which have piecewise-linear form. For this the step

voltages, generated by UVN, are converted into the linearly changing

' current by the smoothing operational amplifiers. Broken curves have

to eight sections with difterent siope/transcondictance.

The search of optimum currents is conducted

consecutively/serially cn tne sections. As the criterion of optimum

I character in each section is selected the minimum of a decrease in

the intensity of beam in this section.

It is possible to correct the zero harmonic of magnetic field,

for which to all correctinj magnets are put out the currents with the

identical slope/transccndictdace. optimum inclination/slope in this

section is selected by the method of change from the cycle to the

cycle of the slope/transconductanca of the build-up of current.

For the adjustment cf azlMuthdl errors the currents into the
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corrective magnets are jut out iitn such inclinations/slopes so as in

accordance with the position of tha correctors on the ring of

accelerator to reproduce one of the dangerous three-dimensional/space

harmonics with the amplituae, wnich grows in the time. Changing the

* phase of harmonic and the rate of the increase of its amplitude, find

the optimum values of these yarameters consecutively/serially for

6th, 7th and 5th harmonics.

Besides the descrioed aere algorithms, are realized the

*algorithms for the functional ispection of the series/row of the

systems of accelerator.

The authors express gratitude to academician A. L. Mints, Cand.

of tech. sciences A. I. Dzergach, Candidate of Technical Sciences. To

N. L. Sosenskiy, Yu. A. Vasinoy, G. I. Klenov and other colleagues of

radio engineering institute, ana also to colleagues of the department

of electronic computers MFTI, which participated in the discussion of

the described above works.
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Discussion.

S. A. Heifetz. Say, if you please, which scope of the program of

correction on the harmonics?

Yu. S. Kuz'min. This is one of the shortest programs; it occup)ies

about 700 storage cells.

I. I
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170. Correction of the ncalinear magnetic distortions of proton

synchrotron with the aia of tae computers.

G. V.Efimov,(L B. Liubamov, U. A. Obraztsov, V. I. Savvateyeva, N.

L. Sosenskiy.

(Radio engineering institute oi tne AS USSR).

1. Introduction.

The development of tacanoiogy of proton synchrotrons is at

present characterized by explicit tendency toward the amplification

of the requirements, prasdnted to the magnetic field of accelerator.

This is connected, first of all, with the tendency toward an increase

in the ratio of the emittance of tne injected beam to the admittance

cf accelerator. Apparently, tais tendency even more will be enforced

with the introduction into the accelerative technique of the

superconducting coil electromagnets, in which is very high the

cost/value of the unit vclume oi a precise magnetic field.

Furthermore, special requiraments for the precision/accuracy of

magnetic field appear sita tua realization of the various kinds of
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the special modes/conditions of work of the accelerator, such, for
example, as the passage cf some rasonances in the process of

acceleration, connected with the high intensity of beam, and slow

conclusion/output. In ccnnection with this should be expected the

amplification of the role of Lhe systems of the correction of

magnetic field both in the existinj acceleratcrs in proportion to an

increase in their intensity anx Lu the accelerators of the near

future. In this case to be restricted to the correction only of the

dipole components of the fields which determine the closed orbit,

apparently, no longer be managed.

The complexity of the correction of arbitrary (among other

things nonlinear) magnetic distortions of accelerator is determined,

first of all, by a larce numoer of parameters, which characterize the

corrective field. lost reascnaoly this task can be solved with the

use of the computer, which works together with the accelerator in

accordance with the special algorithm.

4Recently in the radio engineering institute of the AS USSR were

conducted works (1] on the creation of this type of system. The

developed algorithms are fairly complicated; therefore their initial

-investigation was carried out ny the method of simulation on

computers. In the report is briefly described the system of the

correcting lenses of the accelerator RTI of the AS USSR, are
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presented the basic ideas, whica lie at the basis of the algorithm of

correction, and are also given acme results of simulation on the

computers BESM-6.

2. System of correction.

System is intended for the creation of the azimuthal harmonics

of dipole, quadrupole, seztupoi, and octupole components of magnetic

field. The system of the correcticn of accelerator (Fig. I) consists

cf 20 multipolar lenses, in eaca ot which can be created any

combination from the muitipoles. The formation of the necessary

azimuthal harmonics Frcvides JV/' "Dnepr".

3. Algorithm.

Let the cycle of acceieration be broken into the series/row of

the time intervals, for eah of which the corrective field of

accelerator is determined by certain quantity of parameters. The

result of the work of tne aigorithm of correction are many parameters

of the corrective field, which ccrrespond to all time intervals. In

the process of the realization of the algorithm of correction into

the accelerator is injectea the beam, limited on the current density

and according to the transverse sizes/dimensions. Algorithm utilizes

the information against the motions of beam, which is determining by
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Pthree values: by frequencieb of horizontal and vertical betatron, and

also by interval of the existence of beam. Latter/last value is the

time interval during whice the transverse divergence of the part of

the beam does not exceed tne prescribed/assigned value.

I The algorithm (see E.g. 2) is the sequence of the stages, for

each of which is conduczed the determination of the parameters of the

corrective field, which correspcnd to one of the time intervals. In

each stage by the methoo of cnanging the frequencies of transverse

vibrations of beam, and aLso initial conditions of its injection are

consecutively/serially created zescnance conditions, under which a

basic effect on the motica of jeam has only small part from a total

number of azimuthal harmcnics of errors in the field. With the aid of

a variation in the ccrresponding azimuthal harmonics of the

corrective field is condrcted the maximization of the interval of

existence. If a consecutive variation in all azimuthal harnonics,

which are subject to correction (one iteration), does not lead to the

assigned magnitude of tne sum or the intervals of existence on all

4 resonances, then the process of correction is repeated. The assigned

4 magnitude of the interval of existence increases, until is

Iachieved/reached the required degree of correction.

Fig. 3 gives the diagram of resonance lines on the plane of

frequencies of the betatron, on which as an example d:e shown the

• i __-"•...
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points, which correspond to taa sequence of resonance conditions for

the correction for the furpcse cr the creaticn of the possibility of

passage through tbe whcle resonance in the process of acceleration.

!" I

I'
I

'4
j
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amplifisr; fli ...1n20 - coriectin leases; 1, 2... 12 - winding of

lenses; j - ardor of yiultio.j {j=U - dipole; j=1 q uadrupole; j=2-

I sext'xpole; J=3 - octupcia; a. - idex, which is determining the

att.itude of multipole (i=O)-i corresponds to angle 0 between the

I plane of the zt~ro potentia.* of multipole and the horizontal p'ane,

equal to zero; i=1 ceriesponds to the angle 0, equal to 2ji)

(omputers -control co..utr '.u.epr".

Pdge 253.

Ii _ I
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4. Results of simulaticn.

in the process of the adjustmant of algorithm its action was

investigated for the case waeu errors in the magnetic field of

accelerator are detereinei by tae simultaneously present two

quadrupole components, wnich excitae parametric and sum resonances.

Both components were the uncorrelated random functions of aziauth.

Root-mean-square magnitudes of error were determined by the values

with which resonance bands do aot exceed value 0.02. Simulation was

conducted for different raalizaticns of random functions.

The process of correction was conducted at the level of

injection and it ceased, dhen z;scnance bands reached value on the

crder of 0.001. The averaged cn 10 realizaticns of random functions

number of cycles of accelerat 'on, necessary for achievement of the

Si required degree of correction, Froved to be equal to -40 that it

corresponds to the time of order 2 rin.

The developed algcrinhm gLves possibility, wi~h some limitations

Hto carry out a correcticn of the random errors in the field. which

contain the set of multi~ole comjonents. At present is conducted work

on the improvement of algorithm.

The authors hope that the worx ex -ience Nith this system of

-A
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correction will prove tc oa usizrtl not only for an iaprovement in the

parameters of the existing acceiJzdtors, but especially for the

future accelerators in whicn oiii ne utilized the superconducting

coil electromagnets.

I'

I

'1

4--



_ _ _ _ _ _ _ _ _ _ _____ o ..... ,.", , , ,;,4 4 . ..'  
4.

A- A

Do : oo$69. 2o~ - --

ii

'Fig. 2. Block diagram ct the digorithia of correction. 1 assignment

of stage; 2 - assignment of the interval of existence; 3-

establishment of rescnanca condir-ions; 4 - maximization of the

interval of existence; 5 - aazerw. aation of the sum of the intervals

~of exi-stence from all resouances; 6 - determination of the

i sufficiency of the degree of correction; a) a next variation in the

harmonic; b) transition to the following harmonic; c) transition to

i the following iteration; a) an increase in the intervals of

exis,.-nce; e) transiticn to the tollowing stage.

'O 0092
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Fig. 3. The follower of resonaace conditions ( , Q - frequency of

horizontal and vertical betatron; CQ] - whole syllable Q; j - order

of multipole (j=0 - dipcle; j=1 - quadrupole; j=2 - sextupole; i -

index, which is determining taci attitude of multipole (i=0 - it

corresponds corresponds -orresonds " jFj), ' " the number of the

azimuthal harmonic of multipold; P,+Qi-% - equation of resonance

line; JbPt(L) - code of resonance line 1, 2... B - point;

corresponding to resonance conditions; 0 - the operating point of

accelerator.
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Page 254.

171. Measuring system of the pardmeters of the electron beam of the

high-current acceleratcr.

Ye. V. Armenskiy, A. I. Eorodulin, V. 3. Rybin.

(oscow physical engineering nstitute)

I, Linear electron accelerator to 60 ne?, developed by RAI of the

AS USSR, is a six-section macnline with a length of 30 m with the

following parameters of ju.Lsa slaczon beam at the output of the

accel erator:

maximum energy of tne acc~lerated electrons- 60 MeV;,!
!

minimum pulse current - WO0 mA;1
maximum pulse current - 3 A;

the pulse duration iz chaaged in the limits from 0.25 to 5.5 ps;

a decrease in the ajex/vertox and the leading impulse front of

.4.£
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beam current comprise nct aora taa 15o/o respectively from amplitude

and pulse duration;

pulse repetition rate of ueam current in the operational

conditions is changed frcm 50 tc 150 Hz for the duration of pulses

5.5 lis and from 50 tc 1500 iiz for the duraticn of pulses 0.25 ps. In

the setup mode/conditicns tue frequency of sequence comprises with

respect 5 and 10 Hz;

the diameter of beam on aalf-decay of current is not more than 2

cm.

The measuring system of uae pdrameters of beam, developed for

this accelerator, permits implemention of continuous control of

current and position of beam in five inter-section gaps/intervals and

at the output of accelerator. Tnw block diagram of this system is

shown in Fig. 1.

I ~ measuring equipmert is placed in the special struts in the

console hall at a distance of 50 m from the accelerator. Information

from the current-sensing devices and position of beam comes the

cathode followers which are carried out on the diagram with the

dynamic load, they pcssess high(ly)-linear characteristics in the

range of amplitudes to 10 L I] and make it possible to transfer the
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pulse signals of negative polarity by the lines

connections/communicaticas (coaxiai cables of the type RK 100-7-21

with the wave impedance cf 100 cams) to the struts of imeasurement and

obsezvaticn.

IAs the current-sensing devices of baam are utilized

magnetic-induction senscr5 [2-4], which with the work in the

aperiodic mode/conditions give the possibility not only to measure

the beam current, but also to oDserve the form of the current pulses

*of beam. The schematic cf currant-sensing device is represented in

Fig. 2, where W, - measuring winding, W2 - winding of the

calibrations which are arranged/located on the ferrite toroidal core.

For obtaining the aperiodic mode/conditions of the work of sensor it

is necessary to satisfy the ccndition ',<<(-, where p - wave

impedance of measuring winding. In this case the sensitivity of

current-sensing device S- and virtually can reach 10 V/A with a

decrease in the apex/vertex and the leading impulse front of exit

I° voltage it is less than 10o/o.

f
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Fig. 1. System block diagram of the measurement of the parameters of

the electron beam of linear high-current accelerator on 60 MeV RAI of

the AS USSR. DT - current-sensiag devices of beam; DP - beam-position

sensors; BP - units of cathode followers; SPP - rack of measurement

of beam current; SIT - racx o measurement of the position of beam;

SI - rack of the observation of the form of the current pulses of

beam; SP - power frame ct measuring circuits.

I '

i-
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'17

------------ -'
Fig. 2. The schematic diagram or the magnetic-induction

current-sensing device of beam I n - the pulse beam current of

electrons; Ik - pulse current of calibration; u - exit cue voltage of

current; %, - the effective rasistance of load; 1 - ferrite toroidal

core; 2 - screen and prcteccive jacket.

Page 255.

The winding of calibratica serves ior the adjustment, the functional

test and calibration of entire channel of the measurement of beam

4l current. For this through it is Fassed the pulse current of known

I value I (from the special pulse generator of calibration), which is

-equivalent to passage through the impulser of beam current with an

amplitude of In-W,2T. Ihe current-sensing devices of beam in the
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developed system have tne followian parameters: outer diameter of

toroidal core from the ferrite 30O0HI with magnetic permeaaility 3000

is equal to 95 mm, internal - 75 ma, height - 20 mm; W,=50 turns,

W2 =15 turns (coil/winding uniform, lead/duct PEV with a diameter of 1

mm). For convenience in tne measurement the range of the Aeasured

currents is broken intc two: the tirst - with the limit to 1.5 A, by

the secoLd - to 3 A. The selection of the necessary range of

measurement is accomplished/realizad by a remote/distance change in

the effective resistance of tae load of sensor.

In the first range cf measurement the sensitivity of

current-sensing device is equal to 4 V/A( QH =200 ohm), the secondly

- 2 V/A( R=100 ohm).

The block diagram of toe channel of the measuring system of beam

current is shown in Fig. 3. From tne current-sensing device afterI cathode follower, after pas.1aq along the cable line, the pulses of

the voltages which in fcrm ana amplitude correspond to the current

pulses of beam, they enter the measuring circuit of the pulse

amplitude, which is compensative type pulse voltmeter [5], output of

which is a dial instruvent of the type M4200. Simultaneously it is

possible to observe the fOLm of the current pulses of frame on the

oscilloscope face of the type CI-Z0, established/installed in theI strut of observation (SN), in any of six

<4
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controllable/controlled/nsectea points (by choice of operator). The

control unit of the measuring systam of beam current

accomplishes/realizes an dutomatic selection cf the ranges of the

measurement of current, provides cae independence of the work of the

measuring circuit of the pulse aaplitude from the recurrence

frequency of the current pulses cf the beam (for this is utilized

signal from the timer c± accelerator) and it makes it possible to

produce the calibration cf channel with the aid of the pulse

generator of calibratica, as waica is utilized the pulse generator of

the type G5-15. A relative error cf measurement of the amplitude of

the current pulses of beam after adjustment and calibration of the

channal of measurement is appxoxiiately 0.5o/c, absolute error -5o/o.

An error in the reproduction cf shape of the current pulses of beam

lies/rests within limits of 5-10o/o.

As the beam-position sensors are also used magnetic-induction

sensors [2-7), distinctive special feature/peculiarity of which is

the presence of quadratura winaing. The schematic of this sensor,

which makes it possible to conduct the measurement of the position of

beam relative to electron conductor on one coordinate (on the

horizontal), is given in Fig. 4, where W, and W2 - concentrated

windings whicm are arranged/located on ferrite toroidal core 1;

,, moreover one of them depending ca the position of the contacts of

transfer relay short-circuited, and the second is loaded to the input



DOC 80069320

resistance of cathode fcliower (active resistance Q, and

capacity/capacitance C1 ). For oazaining the larger sensitivity the

position detector works in the oscillatory mode/conditions, i.e.,

PH - where p - wave impedance of the nonshort-circuited winding,I , and dioda D separates/liberatas tha first half-wave of the exit

voltage of this winding waose amplitude bears information about the

position of beam. Positicn detectors have the following parameters:

cuter diameter of toroidal core ftom ferrite 3000 1421 with magnetic

permeability 3000 is equal to 95 ma, internal - 75 mm, height - 15

mm; W=WL=10 turns (winding concentrated and they are

arranged/located symmetrically, lead/duct PEV with a diameter of 0.47

mm). With one quadrature winding tae signal amplitude u, which entersII
from the second winding position uatectors the cathode follower, can

be represented as follcws:

U SI  In + S -r.In  Azi,

'A

where In - amplitude of tne current pulses of beam, A;

-S sensitivity of positon detector on the current, V/4 ;

SA- sensitivity of position detector an the beam displacement,

V/,q emm;

ft- beam displacement relative to the geometric center of electron

conductor, mm.
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Fig. 3. Block diagram ot channel of measuring system of beam current.

DT - current-sensing device; KP - cathode follower; SI - measuring

circuit of the amplitude of puisan of voltage; BU - contrc ! unit of

the measuring system of team cutrent; GIK - pulse generator of

calibration; SIT - strut of tne 3easurement of beam current.

"! Key: (1). Signal from the timer.,!
IJ Fig. 4. Schematic of magnetic-induction beam position detector. In-

pulse electron beam; AX - beam displacement; u - exit cue voltage of

position PH - the effective resistance of load; C, -

capacity/capacitance of load; D - diode, which releases first

I

-4
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half-wave of exit voltage; 1 - ferrzite toroidal core; 2 - screen and

protective jacket; K? - cathoux follower; P - contacts of transfer

relay of quadrature winding.

Page 256.

For the developed positicn detectors current sensitivity S1 ( V/A,

and sensitivity on mixing sz-0.1, i/A.mm. Voltage pulses, which come

tne cathode follower fr,.,a ,ositioa detector, have funnel-shaped for.

amplitude to 10 S the durati.cn c4 approximately 0. 25 us (on the

basis/base). The possibiliti of The successive closing/shorting

shortly of the windings of the position detector, accomplished by an

operator by hand with the aid of tne contacts of special transfer

relay, makes it possible to fix/record the coincidence of the

position of electron beam wita tne geometric center of electron

,1 conductor with the errcr +-0.2 am with the beam current not less than

0.4 A in the impulse/mcmentum/pulse. The measurement of beam

I displacements on another coordinate (along vertical) is

accomplished/realized by tne analogous sensor whose windings are

arranged/located along the vertical axis/axle.

The system block diagram of tae measurement of the position of
4beam is given in Fig. 5, From the positica detectors (Anlx- n. and

after cathode fcllovers and cable line the pulses of the

'
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voltages whose amplitude aepenus oa the position of beam, enter the

commutator of the strut of the medsurement of the position of beam.

The commutator, hand-operated, tives the possibility to operator by

choice to take the measuiement of the position of beam on two

j coordinates ("X" and "VI') simultaneously in one of six

Icoitrollable/controlled/inspected points. For measuring the pulse

amplitude are utiliz6d the measuring circuits, analogous to the

diagrams, established/instaiied in the channels of the measurement of

beam current. At the outFLt or measuring circuits are

established/installed tte dial instruments of the type M4200

according to the scale cf wb.ich, teat has zero in the middle, is

I taken a reading the amcurr of oeam displacement. In the system is

utilized the manual comFp(esation for readings of the meters of the

position of beam, which depend on the value of beam current (for this

serves the special unit cf ccapensation). Furthermore, in the system

is provided for the calitration they are measuring circuits, which is

accomplished/realized periodicdlly by an operator. For this is

2 utilized the special gauging sigaal (u, • An error of measurement of

the position of beam during tat periodic calitration of measuring

circuits and timely ccrEensation or with the direct beam current is

I +-0.5 mm with the beam current not less than 0.5 A in the

impulse/momentum/pulse.

Structurally/constructurally the current--sensing devices and

I _
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position of beam at each contrc1laole/controlled/inspected point are

united and have common screen and protective housing. Electron

conductor in the site ct installation of senscrs has nonconducting

gap/interval, for which are sealed in special ceramic insets. The

setting up of sensors is acccmp.Lshed/realized oith the error +-0.5

mm relative to the geometric center of electron conductor.

I
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Fig. 5. System block diagram or the measurement of the position of

beam. An,.,-.cUnbx - beam-position sensor on the horizontal; Any+Ana,

beam-position sensors cu tne vartical line; Kf - cathode followers;

cu - measuring circuit of the am~lituda of pulses of voltage; BP -

unit of the changeover cf quadrature winding of sensors; Uk

calibration impulse/momentum/pulse; SIP - the strut of the

measurement of the position of beam. Key: (1). Commutator. (2). Unit

of compensation. (3). Sigal ircm timer.
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Discussion.

F. Farger. Are such the ranges ot the measurement of the divergences

of beam in the horizcntal and vertical planes?

A. I. Borodulin. The ranges oi measurements are +-5 am.

F. Ferger. Which the bandwidth of the display of the position of

Ibeam?

) A. I. Borodulin. The bandwiath makes it possible to measure the pulse

durations to 0.1 ps.

G. Kumpfert. Are such the limits of the measuremeat of pulse beam

current in your accelerator?
'I

*1__ _
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A. i. Borodulin. We change tne peaK values of curr3nt within the

limits from 100 mA tc 3 A .in Lte iiiulse/momentum/pulse.

I'

i'

)~
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172. System for the control of injection in VEPP-3 and the

synchronizations of the alexents/cells of channel.

V. I. Nifontov, B. I. resiyak.

(Institute of nuclear physics of SO AN USSR).

In the accelerative complax ELIT-3, B-4, VEPP-3, where the

majority of elements/ceils opaate on a pulsed basis, vital

importance has the synchronizaticn of the moments/torques of the

starting/launching of the working nodes/units of complex. The basic

task cf resolver of the unit of preliminary synchronization lies in

the fact that to producE the tiiely start of the exhaust magnets of

synchrotron B-4, rotary magnets and lenses of channel B-U - VEPP-3

7 ' and to carry out contrcl ot issue from synchrctron B-4 at that

moment/torque when energy of tar accelerated particles achieves

rating value. In the device/equipment is provided for the automatic

tuning of time/temporary aelay for adjusting of the register of the

moment/torque of injecticn with tae establishment of the maximum

values of pulse magnetic fields in the elements/cells of channel. The

stability of the energy level or pdrticles at the moment of injection
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is checked with the aid of tne unxt of control with digital reading.

The block diagram of device/equi~ment and the elucidating time graphs

are given in the figure.

Unit of the solution.

As the signal, which caara..:erizes energy of particles in B-4,

is selected the value cf the accelerating magnetic field in the

synchrotron. Sensor cf magnetic field - inductive loop, which covers

cne of the quadrants of accel.erator. The voltage from the sensor,

proportional dH/it, enterz precise integrator 1 (Fig. I). Output

signal from the integrator through scale resistances proceeds with

the entrance of amplitude ccampazatcr. The reference voltage, Uo,

(Fig. 1.8) proportional to energy of the produced particles, is

assigned by potentiometer and through the operational amplifier also

enters the working entrance o ccm~arator. The fcrm oi pulse field in

synchrotron B-4 takes the form of half sinusoid H(t)=Hmsinwt.

According to the working condaticas of accelerative complex the issue

of particles occurs cn tke rear slope of pulse field.

With the coincidence of stress level on the integrator with the

level of reference voltage is formed/shaped the output signal, which

turns off/disconnects bign-frequency accelerating voltage on the

resonator of synchrotrca. From this point on, the energy of the

"I

-. .. . . ". .. ., ,. ., ,j. ,,,,.-ae ' ' •,'' '--" - - - ' ' I.
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accelerated particles, %ithout ta&ing into account losses to the

synchrotron radiation, zemains constant and with further field slope

the cluster of the acceierated particles is shifted/sheared to the

external wall of the acceierative chamber/camera where is

arranged/located deflectcr. Signai to the inclusion of deflector is

formed/shaped into that moment/torque when is satisfied the condition

-- F- "--'-

where AH - field change from the cutoff of high frequency to the

moment/torque of issue; H - field value at the utoff of high

freauency; R - working radius of tae equilibrium orbit of synchrotron

B-4; AR - distance on the caamoer/camera from the equilibrium orbit

to the center of deflector.

Signal for the inclusion/crnnection of deflector is

formed/shaped with second comparator 5 (Fig. 1), where a change in

the scales of the addition of irput signals, which assign a necessary

radius of issuing, is accomplished/realized by stepped changeover of

supplementary resistance.

For the specific time before the impulse/momentum/pulse of issue

must be obtained the suiplementary control signals for the

preparation of exhaust magnets and pulse elements/cells of channel

for the work. The time/temporary interval between the

impulse/momentum/pulse of issue and the supplementary driving pulses
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must with the specific precision/accuracy remain constant/invariable

with the daparture/attendance ot the amplitude of accelerating field

cf synchrotron within limits (2-3)o/o.

J

I

!I
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SFig. 1. Block diagram and t3.me graphs of control system by injection

in VEPP-3. 1, 11 - integrators; 2, 3 - scale units; 4 - comparator of

the disconnection of high (ly) -scala oscillator; 5 - comparator of the
issue of particles from B-4; 6 - cc'parator of the

inclusion/connection of the exuaust elements/calls F-4; 7 -

, comparator of the start .a;e exaust elements/cells of channel; 8 -
i amplifier of reference vcltage; 10 - tuning unit; 12 - unit ofLscaler; eiezat/cell channel; u, - voltage,

, :proportional to field B-4; uon.U'on - reference voltage; a, - voltage,

froportional to the flCcr/sex B-4; a2, a3 voltage for the

ianticipating/leading sclution; 6 - impul itum/puise of theissue of particles of a-4; c) the impulse/m ent/p se of the

he disconnection of HF oscillator; d5 the impulse/momentum/pulse of the

inclusion/connection of the exhaust elements/cells B-4; 7) the field2
gootoa otefcrsxi-;aa otg o h
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of the exhaust elements/ceils 3-4; f) - the reference pulse of the

Sstart of the elements/cells o4 caannel; g) the operating pulse of the

start of the elements/ceals of channel; h - field of the exhaust

elements/cells of channel; At, - adjustable time/temporary interval

betwe-an the reference and operdtlng pulses; Atz - the time interval

between the moment/torque of issue and the maximum of the field of

the elements/cells of chaaaei.

Page 258.

Such control signals are obtaiaed during the supplying to the working

outputs of comparators o, 7 (Fig. 1) the signal of the form

U'I (t) -. U,.nSL L o( t +A t )]

i.e. the voltage, which anticipates/leads the voltage, proportional

to accelerating field ct syncnrctron to the prescribed/assigned

,i time/temporary interval. With the sinusoidal form of field U(t)-Umsunwt

this voltage can be obtained ay the addition of function itself and

first derived this function in the specific scale relationship/ratio.

Actually/really, in the expansicn cf this function according to

Taylor are present only tae meaters, who coutain sinwt and coswt;

therefore in signal U' (t)=Ummsinwt+Umm.2coswt is sufficient to select

coefficients of m, and 32 for obtaining the prescribed/assigned value

]At, moreover first term ia this expression is obtained from the

integrator, and second - is uirect from the inductance pickup of

3- --. - J I
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field. Scale factors are assigned by summing resistances in the

comparators. Reference vcitage corresponds to voltage on the

comparator of issue 'on (Fig. I).

Comparator 6 (Fig. 1) is utilized for the control of the exhaust

elements/cells B-4. Ccmiarator 7 (Fig. 1), with the high value At

controls the "long" magnetic elements/cells of channel.

The decisive unit provides the precision/accuracy of joining to

the energy level on the crder of 5.10 - 4. The time/temporary interval

between issue and inclusion/connection of the exhaust elements/cells

B-4 is stable with the pecision/accuracy +-10 "6 s; between issue and

start of the elements/cells of cnannel - +-5.10 -6 s. Comparators are

constructed on the basis or operating accelerators with the nonlinear

feedback.

Tuning unit 10 (Fig. 1).

In the system of the preliminary starting/launching of the

elements/cells of channel can appear large error due to the

departure/attendance of the pardaeters (L and C), which are

determining the duration of the pulse magnetic fields of these

elements/cells. In this case tne issue will occur not accurately at

the apex/vertex and the auality of the transEcrtation of the
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accelerated particles ,harply deteriorates. For the automatic tuning

of system according to this sign/cziterion in the tuning unit is

separated/liberated the impulse/momentum/pulse, which coincides with

the moment/torque of the peak or field in the element/cell of channel

14 (Fig. 1) and with its departure/attendance to that or other side

relative to the impulse/somentum/pulse of issue tj (Fig. 1) is

separated/liberated the corresjcnding signal to the reverse counter.

The state of counter is converted into the analog signal, which

corrects the starting time of this element/cell of channel t2 (Fig.

1). in the device/equipment is used the resolving diagram on the

dynistors, bidirectional counter is combined with the register of the

converter of code-analcq, aid as the time-assigning elements/cells

are used diode- regenerative comparators. Discrete/digital step/pitch

of tuning - 2.10 -
6 s. Range of tuning - -30.1O- s.

Unit of control.i

For the operational control of the energy level of issue is

developed the unit of ccntrol by 12 (Fig. 1). It consists of a

precise integrator, twc keys/rencnes and comparator with the

shapers. At the cutoff of hig, frequency on the integrator is

memorized the analog signal, proportional to energy of the

accelerated particles and then it is converted into the time

interval. The significant figure of time interval, obtained on

I
!

~-1. --- ---- ---- ----
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deciza. counter 13 (Fiaj. 1) induces to scale the level and the

stability of energy cf th~e i~rodu.ced particles. An error in the unit

cf control is not more than 104.

Discussion.

I. P. Karabekov. which the precis.on/accuracy of the main~tenance of

the nutual location cf s~achiozizing pulses?

V. I. Infonitov. The precision/accuracy of tuning in the time

comprises for th- icing elecnenr/cell 5 p.s, for the short

eleument/cell -2 ps.
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173. Construction of "E mathamatical model of synchrotrcn to 1.5 GES

and investigations on the model cf some algorithms of control.

E. G. Voronin, V. V. Zaxhazov, V. A. Kochegurov, V. I. Naplekov, N.

M. Filipenko, V. V. Tsygankov.

(Scientific research institutt cf nuclear physics, electronics and

automation with by Tcmsk .oly-echaic institute).

At present there was determined the following diagram of

conducting of experiment with tha use of accelerators (Fig. 1). As

can be seen from figure, in the diagram there ara two autonomous

control systems. Problems it control of physical experiment,

processing ohysical information enrering on the computers wilely are

solved in all physical lanoratories. However, they are solved in all

k physical laboratories. However, important role in the experimentation

on the accelerators is the guarantee oz effective control in the

process of experiment acceleratcr itself. Control of accelerator

represents very complex problem. ia general accelerator can be

considered as certain multiparametric dynamic system, which is

located unde-t the effect ci the internal and external perturbing

forces with the randcm change in tne time

all
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where y - vector quantity, which cnaracterizes the parameters of the

accelerated beam (intensity, energy, duration); x- controlling

parameters; x O (t), z (t) - the random uncontrollable interferences,

iadditive with x and y.

Page 259.

From the point of view or control of accelerator there is the

greatest interest in the cr-atica of the system, which ensures the

continuous maintenance of the maximum value of intensity with the

simultaneous stabilizatica of energy of the accelerated beam. For

this purpose it is necessary, first of all,, to create as far as

possible more than the sensors cf information about the state of

accelerator; in the seccnd jlace, to conduct the- detailed

investiqation of acceleracor as the object of automatic optimization,

since the effectiveness cf different algorithms of the search of the

extremum of the functions of many variable/alternating in essence is

determined by the type cf the surface of the function of response,

limitations, superimposed on tne ccntrolling parameters anO, etc.

Are examined below questions of development and construction of

4 -.
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the mathematical model of synchrotron to 1.5 GeV TP1, and also

results of experimental check on the model of some algorithms of

optimization.

In general synchrctron ca 1.5 GeV can be presanted in the form

of the block diagram, depicted in Fig. 2. The intensity of the

accelerated beam in the synchrotroa in essence is determined by its

parameters at the injection, tame of injection, by parameters of

accelerating voltage, and also by sizes/dimensicns of the useful

region, in which occurs tne accumulation and particle acceleration.

In connection with this let us examine beam shaping only in the

mode/conditions of accumulAtion (capture during the first stage of

injection) and in the initial stage of acceleration

(inclusion/connection cf HF accelerating voltage and capture into the

acceleration). FOC the jarticles, injected for a period of time from

t to t+d-, condition for acceptance during the first stage takes the

form:

R-ki 2U, - (2)

>i where 0'<2%k,k= 1,2, . ; u1 - half-dimension c',f operating region; AR

- compression of instantaneous orb-it per revolution (miss) ; () is

considered collision either witn inflector (s=0) or with the internal

wall of chamber/camera (s=sl) or with target (s=3,); p(9) - solution
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5 of the differential equation o± the betatron oscillations of the

injected particlas in the system, connected with the instantaneous

orbit, which is located at a aistance of u from the internal plate of

inflector. For the particles with the initial conditions po=g+u,

where g - distance from tne iaLLual plate of inflector to the

I. particle, and for the case ot tne linear equation of betatron

oscillations taking into 4ccoaur tne distortions of the closed orbit

expression for the bcundaries of tae region of the initial parameters

of the injected beam, which satisfy inequality (2), will be written:

i J L -1

where t the right side of inequality (2); 6 - coefficients of

the harmonics of the distorted orbit; 7 - angle of injection.

Let us introduce the designation of the minimum region between

the plates of inflector, from which is feasible the capture during

,I the first stage of the injection:

where go - distance bet.ween the plates of inflector.

Then during the even distribution of the injected particles
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according to u and T, pdrticla chrge, seized during the first stage

of injection, can be determined frcm the expression:

didudr,

0 (5)~r

where Q0 - the net charge of tae injected particles into the

chamber/camera; (t-r,) - angulir scatter of team.

From (2)-(4) it fcllows that Q, is the function of the currents

of th3 corrections of crhit (aLA),n,AR, of moments/torgues of

injection (%.) and the inclusion/connection of HF field (Tv), since the

range of integration fcr u -Ls linearly ccnnected with r and v.

The charge, seized into the acceleration taking into account two

stages of injection, can oe presented in the form ( 1]:

,Q0

0O2 0) (6
4 II~o I ._.1 (- 0 o

,!(-~a 0)

l , (u,z')140

where ( -q,) - azimuthal size/dixension of separatrix; y, radial

size/dimension of separat.ix;1,mo,-A(--) - energy scatter

of beam.

i2 _.
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Fig. 1. Diagram of experimentation on the accelerator. 1 - control of

accelerator; 2 - acceleratcr; J - experimental installation; L -

detectors; 5 - accumulatoz/storage; 6- processing; 7- output of

results; 8 - control of experiment.

,+ IX

. 2. Block diacram of synchrotron 1 - corredtion of' magnetic

f4.eld; 2 - iniection; 3 - injection channel; 11 - inflector; 5 - !st

±nlection ita~e; 6 2nd injection stage; 7 - accelertAon sta"e.hi
1

'4
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The order of integration in (5) can be decreased, if to utilize

a property of the piecewise linearity of functioa q(u,:).

Fig. 3 depicts dependanca rz(r=o)=Q,/ on n and AQ. Fig. 4 shows

capture region (4), also, in Fig. 5 admittance of synchrotron for

different moments of time. Calculation according to formula (5)

showed that for the beam with tne angular scatter the charactar of

extrema was expressed nct sc/such not sharply.

As first approximation q(u~r) it was approximated by plane, which

made it possible to obtain rroam exi.ressicn (6) the ma*hematical model

cf capture where

4-4Wir5 A
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- drift of the initial irquency oi the accelerating HF field; Ap -

loss of operating regicn dua to orbit distortion. During this

function was conducted the investigation of the algorithms of the

search of extremum.

Were compared two sedrch circuits of maximum -

fastest descent (2] and ranaom search [3]. In the diagram of the

fastest descent were used taree methods of calculating the gradient

motion: the simple gradient, calculated as usual., by the method of

difference quotient J(C) to the antarval of variations 61 of certain

variable/alternating k, statisticai gradient and integral gradient

whose calculation formulas taxe tne form:

0" . 1 1 (7)

- N~k S NIk

where m = 1,2,...; 6- ccmonent of the vector of gradient; b' - its

approximation/approach, waich is obtained on the m-th iteration;

k((-C )- ,- t.1,(1, )- interval, in which were observed signs iJ of

vector x and corresponding to tna values kk

Index % marked Nik the values of functions T(x), k-

variable/alternating of whica will hit interval (aC+ak), by index

s N1, of values T (x), which nave Zk(N-41N)l where PXi% _N + N2 . to
ci 1__
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a total number of obs'4rvations f'(x). With t>10 the components of

gradient direction, calcuiated according to these formulas, are

estimated with the errcr, smallest in the sense of linear orthogonal

planning/gliding £4].

The algorithms of search were compared on model T(x) under

conditions of the intertereaces unich were superimposed both on the

entrance and on the outpu,. A tine interference was assigned the

normally distributed rancom viriabie whose level was varied from zero

-to the values, 3 times whica exceed value of T(x) in the

modulus/module.

As a result of experiments it was explained that the

hypersurfaces of the level of mcdel take the "ravine" form. Essential

variabla/alternating, search on which is especially

hindered/hampered, they are: x, - change in the moment/torque of

injection; x2 - change in the momeat/torque of including of the HP

1i field; x3 - drift of energy of injection.

4

As a result of this form of the function T(x) most effective

proved to be the method of randcm search. The accumulating

interferences only increased interruption/discontinuity in the

effectiveness between the method of the random search and the method

cf steepest descent. In tnis case even refinement of the components
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of the vector - gradient acco-dlng to formulas (7) did not lead to

the substantial imprcvement ia tna diagram of the fastest descent.

Thus, during 200 observations r(x) method of steepest descent gave

4.5 times the smaller valae of intensity, and recommended as to

* optimum point was located 10 zimes further frcm the true point of

maximum, rather than ccriespondirg data of the method of the random

iearch. In this case on tne gntzance was superimposed the

interference with the dispersion, equal to 0.01, which at initial

point composed approxirateij/axealarily 1/3 from the value of

I entrances, and in the final stage of search 2-3 times it exceeded the

values of Rntrances.

fI
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Fig. 3.Dependence of coeifi~ci-nt of capture on field index.

Fig. 4. Dependence of capture regj.on on time of injection.
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Fig. 5. Admittance of synchrotron.
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Key: (1). rad.
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Paqe 261.

174. leasurement of the emit*auce of beam with the aid of the

computers "Dneor".

G. P. Ivanova, V. V. Kurasov.

(Radio engineering institute of the AS USSR).

For the realizatica of the optimum mode/conditions of the

injection of beam into tie chambar/camera of the model of cybernetic

accelerator to the energy 1 CeV it is proposed to produce wiring the

bundle through ion guide and agxeement of the phase volume of the

injected beam with the accejptance of accelerator automatically with

the aid of computers "Dnepr". The rocess of optimization is broken

I% into two stages. First ccaputar aeasures the parameters of beam at
4

output from the injectcr and according tc them calculates the nominal

ratingthe of etr of the focusisg and corrective plements/cells of

the channel of transportation, and then from the information about

ithe alue of betatron cscillaticas and about the position of orbit in
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accelerator chamber optiizizs t.Ie calculated mode/conditions. As the

first stage of these wcrks was realized the automatic measurement of

the emit.ance of beam at output o: injector with the aid of the

computers "Dnepr". For xEasur.a tne emittance is utilized the method
$

* of two slots (1]. By tie faxst slot is cut out the part of the beam,

which cocresponds to the specific value of Cartesian coordinate, and

then with the aid of ti-e second slot, parallel to the first, and

induction current-sensing aevice is measured the width of the cut out

part of the beam and density aistribution of current. Knowing the

distance between the sIcts, it is possible to determine the angular

separation of beam. The blocK diagram of system for the automatic

measurement of emittance is depicted in Fig. 1. Horizontal 1.3 and

vertical slots 2.4 havf a wiatn z, 1.5, 1.5 and 1 mm respectively.

Control of the displacement/movement of slots is

accomplished/realized with the aid of devices/equipment 9-12. With

the displacement/moiement or slot on 0. 1 mm these devices/0quipment

develop the impulse/mcmentum/pulse, which enters the analog input of

USO. By means of the counting of these pulses of computers it

determines they conducted to the rank of the displacement/movement of

slot. Selection and inclusion/connection of slot for the motion with

the specific step in any direction are conducted on the commands with

the aid of the inducticn current-sensing devices 5 and 6. The range

of the measurement of current from 1 pA to 5 mA is divided into 3

sub-ranges. The selection of nocessary sub-range and the conpection
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of current-sensing device are conducted with thi aid of decoder 8,

controlled by commands with the ccmputers through the unit R, and

also with the aid of diagram 7, ccntrolled through the unit A.. with

the equality beam current to reference signal diagram 7 develops the

impulse/momentum/pulse, which enrers the channel of the system of

I interruption SP. 13 - decoder tor including cne of four slots; UVM -

control computer "'Dnepr"; AU UU - arithmetic unit and control unit:

PZU - oassive memory urit; OZU - core storage.

'1

I
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!i Fig. 1. System block diagraa for measuring the emittance.

The algorithm of the measurement of emittance consists of two

parts. First part - algorithim or tne determination cf boundaries of

beam (Fig. 2). This algoritam is auxiliary for the algorithm of the

direct measurement of eaittance (Fig. 3) and makes it possible to

I determine interval and toundaries of the movement of slots in the

I , process of measurement. I.he preliminary determination rIL beam

i if,!boundaries considerably snortans the time of the measurement of

,i emittance. Entire algorithm is constructed so that the work in the
:! basic building blocks cf program occurs in the interval b tteen two

adaetiplesmmnaple i temvmn fslt n eut
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are printed in parallel witn rne aeasurement. The current of the cut

cut part of the beam is measurea only in that part of the

chamber/camera where there is a ceam.

The request of curzeat-seninq devices is synchrouized dith the

impulses/momenta/pulses of injector, and the results of measurement

are averaged. This allwed to orag the lower limit of measurement to

1 pA, and thereby to raise the accuracy of the measurement of

emittance.

At present the results of measurements are derived/concluded to

the press/printing in the form, convenient for graphing. Fig. 4 shows

the phase portraits of team at output of injector in the horizontal

(X, XI) and the vertical (Y, YI) phase planes, obtained with the aid

of the computers "Dnepr". Cooruinates count off relative to center

the chambers/cameras of ion 4uide. The lines of the identical

current, measured in pA, show density distribution of particles on

the phase plane. As can be seen from figure, in the measurement plane

the center of beam has small coordinate and angular displacement

relative to the axis/axle of the cnamber/camera of ion guide,

furthermore, beam has large angular separation in the ve-:t~cal plane.

At present is conducted work cn automatic processing of the

results of measurement and calculating the nominal rating of the work

of the channel of trans~ortdtlon.

-L
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Fig. 2, Block diagram cL taa aljorithm of the determination of beam

boundaries. 1 - selection of the number of slot and dispatching of

initial data; 2 - disccanection of slot: 3 - subroutine for recording

the position of slot; 4 - subroutine for the determination of the

4 Ipresence of beam; 5 - detarmination of the moment/torque of the

disappearance of beam: 6 - determination of the onset of a beam; 7,

10 - disconnection of slot; 8 - subroutine for the measurement of

beam current; 9 - press/printing the value of current at the control

point, vernier of contrcl point and the dispatching of the vernier of
control point for the storage into the memory; 11 - press/printing

beam boundaries, analysis the number of the moved slot; 12 -

determination of the interval of the movement of slots.
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Fig. 3. The block diagram of tne algorithm of the measurement of the

emittance: 13 - dispatching of initial data into the working cells-

OZU; 14 - start of current-seasing device 5 (Fig. 1); 15 -

*, inclusion/connection of the slot, which is determining coordinate;

16, 23 - subroutine for recording the position of slot; 17 -

measurement at the control points, press/printing of the result of

measurement, analysis ot the displacement/movement of slot; 18, 29,

32, 35 - disconnection Gf slot; 19 - disconnection of current-sensing

device 5 (Fig. 1); 20 - press/printing the vernier of the position of

the slot: (Fig. I); 21 - start of current-sensing device 6 (Fig. 1);

22 - inclusion/connection of tha slot, which is determining angle; 24

- subroutine for the determination of the presence of beam; 25 -

determination of the mccent/togue of the disappearance of beam; 26 -

determination of the onset of a beau; 27 - analysis of the step/pitch

of the displacement/movemeat of slot; 28 - checking the presence of
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beam; 30 - subroutine for taa .aasurement of beam current; 31 -

detecmination of angle; 33 - d.sconnection of current-sensing device

6 (Fig. 1); 314 - prass/krintiny results and preparation for the next

cycle of measurements; 36 - press/printing the sign/criterion of the

tarmination of thu aeasuroment of emittance; 37 - stop of program.

Key: (1) . from.

V

ii

21
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Fig. 4. Results of measurn canb awittancq of beam at output of the

i injiector of the model ct cybernetic accelerator to the energy 1 Ge7.

Key: (7). mrad.
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175. New systens of radio eiectronics and control of proton

synchrotron IFVE.

A. A. Vasilvev, F. A. Vodop'uyanov, 0. S. GorchaKov, A. M. Grishin,

A. I. Dzergach, Yu. F. Dusnia, V. V. Ye!yan, Yu. S. Ivanov, N. K.

Kaminskiy, A. A. Kuz'min, G. F. Senatorov.

(Radio engineering institute of zna AS USSR).

K. F. Gertsev, Ye. S. Nelipovich, V. V. Osip, P. T. Pashkov, V. Ye.

Pisarevsky, I. I. Sulygln, B. K. Shembel', K. A. Yakovlev.

(Institute of high-energy paysics).

V. P. Gerasim, 0. A. Gusev, V. A. Titus, V. G. Tsvetkov.

(Scientific research institute of the electrophysical equipment in.

D. V.yEfremov).

An increase in the intensity of proton synchrotron by the energy

70 GeV to 5.1013 by method of the introduction of booster [1]
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requires the development uf tne new systems of radio electronics,

control and monitoring of tae beams of basic synchrotron and booster,

and also development of equipment for the translation/conversion of

Farticles from the booster into the basic synchrotron.

In the present report are given the results of the preliminary

development of the systezs Ladicited.

In the project of an increase in intensity ( 11 is used "rapid"

booster. This fact together wizh others causes the series/row of

essential differences in cne desczibed systems from the systems of

k radio electronics of the proton synchrotron of CERN,

developed/processed in ccnneczion with an increase in its intensity

[2].

Accelerating stations of basic synchrotron.

I
Acceleration at the enhanced intensity provide those existing o~f

54 accelerating cavities unaer the condition of increasing the power

of the final stages from 5 to -15 4W. Such cascades/stages can be

constructed on the lamps GU-36B1. The cascades/stages of preliminary

amplification it is expedient to remove beyond the limits of 'he

tunnel of accelerator. For reducing the power of the signal of the

excitation of the final stages is developed the reconstructed in the

~1 _ _ __ _ _ _ _
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range of frequencies steF-up transformer, connected between the grid

of output tube and the caDia.

Remaining equipment for the system of the generation of

accelerating field of tasic syacurorron is not changed, since is

provided for the possibility of work also with the old injector to

the energy 100 41eV.

System of radio electrcnics cz cooster.

Fig. 1 depicts a temporary/time change in accelerating voltage

cf booster V, of synchionous phase (p, frequency of revolution of

particles f and rate of its increase s. For the particle acceleration

are applied 10 accelerating stations two of which stand-by.

Special feature/peculiarity of acceleration mode of booster -

low level of its accelerating voltage in the beginning and end/lead

of aceleratioa (_ m - 45) and tne respectively small supply of

reactive energy in th . resonators in comparison with the energy,

selected/taken by beam. Under these conditions stresses by beam -

insertion reactance and induced voltage - become extremely large. In

order to ensure allowances for the-parameters of accelerating field,

it is necessary to take measures for weakening of these effects: to

V! introduce negative feedtack in the high frequency in the system of
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the excitation of accelerat.ng vclcage or controlled symmetrical

nisphasing of resonators wi:;a ra appropriate increase in the

amplitude of their minisum vcltage 10-15 times.

,II



DOC 80069321 PAGE

f 
(,) 

( ,.

f, A e q 
a

0

iV 

V

J9 

- /S55If

E 
4 

/ 
-

/

12.

44

I Fig. 1. Change in the time of the Dasic parameters of booster.

"I Key: (1). 1Hz/s. (2). kV'rev. (J). MHz. (4). kW. (5). ms. (6).

kiloohm.

Page 264.

For weakening of rsquirements for the control systems of the
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parameters of accelerating fieli it is expedient to introduce into

the systems the program signals, waich depend on the intensity of

beam. The accelerating a~vice/ejaipment is intended to fulfill in the

form of two coaxial cavities waica work in the antiphase on the

general/common/total claaraqce and are reconstructed in the frequency

iy the magnetic biasing cf territe. During the use of ferrite of the

type 300 NNA, the lengths of rescoator -1.1 a its

capacity/capacitance, in reference to the clearance, is 1850 pF.

The expected temporari/time caange in the parameters of this

resonator: quality Q, shunt zesistance Qp, the power of losses P and

power p,, selected/taker uy oea, oi particles, it is shown in Fig.

lb. Dotted lines show the course of the corresponding curved with the

dephased supply resonators in tae beginning and end/lead of the

acceleration.

The system block diagraa or the generaticn of accelerating field

is depicted in Fig. 2. The voltage of inducticn coil 1 is integrated

by integrator 2, which mcdulates the frequency of master oscillator

3, in composition of which is contained nonlinear function generator.

In polyphase amplifier-distributcr 4 is contained the phase smasher,

which ensures phase displacement cr voltages in 10 channels on 22.50.

Wideband amplifiers 6 and finai stages 7 excite resonators 8. The

* programmer of amplitude 5 deveios control voltage for changing the

_____ ____ _____ ____



DOC = 0069321 P.IGE

amplitude of accalaratiny fielu.

rhe system of the corraction of frequency on the bsam contains

pick-up-electrode 9, input unit 10, converter 11, summator of

accelerating voltages 1z, amplitude detector 13, pcogrammed phase

inverter 14, phase disczimiaator 15 and summing amplifier 16. It is

similar to the analogous system cf basic synchrotron 3. Supplemeatary

block-programmed phase inverteL 14 is introduced because of the need

of changing the equilibrium pnass in accordance with a change in the

rate of the build-up/rcwth ot magnetic field and amplitude of

accelerating field (Fig. 1).

Control system by booster.

It is assumed that all technical functional systems of booster

(1-S systems) will be united under the single information-control

diagram into which will enter terminal devices with the local panels

(terminals), the line cf c-..unications, the central assembly of

.K signals, small computer and ceatral control panel. The total number

ef informational points on the Dooster (one informational poin". r'_-

two bytes of informaticn), according to the roughest estimat,-%, ozl.X

2000. Number of informaticn iords (2 bytes) , which enter eac.'a -,

ca the order of 200. A numer of control signals will not exceez

1000. All control signals (chdnges in the settings of different

4 -i



DOC 90069321 FAG /

programmers) will be put out duzing the nonoperative section of

cycle. The synchronizaticn of the work of computers and all systems

of accelerator will be accomplishea/realized through synchronizing

circuit, entering the diagram of control.

Each terminal, as a rulA, will service/maintain one functional

system. It must contain the signal-data converters of different torm

into the code (analog, states, tiae), the commutators, encompass the

units of temporary/time selection, the small buffer storage (32-64

bytes) and the devices/equipment, which make it possible to produce

manual control and ccllecticn of information, passing computers.

Entire technological equipient for systems must have the

actuating elements, ccntrolled by the binary code (analog code,

code-shaft, code-state).

The operating speed of cowacrsrs is not less than 20 thousand

operations/s, the memory is not less 8K words, external ZU on NML or

disk. Provision is made for connection/communication of this computer

with the computers of higher level. Central control desk must contain

display to CRT, controlled by computers, the device/equipment of the

independent representaticn, tne unit of the call of routines and the

devices/equipment, which mane it possible to request information and

to transfer control signals with the adjustment and the breakdown of

I
Ii
I?

* 9 .
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computers.

The final goal of au omaticn - increase in the reliability of

the accelerating complex and improvement in the parameters of the

accelerated beam (increase in i.tensity and stability of the

parameters of beam). As tha final result as a result of the

consecutive development of automatic complex it is proposed to carry

out the necessary cyberaetizaticn (in the plan/layout, developed with

the work of the'adio kagineering Tnstitute of the AS USSR [4] and

with other accelerative centers L5 ]) accelerative complex.

'?I

I ,
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Fig. 2. Block diagram of equipment for generation and regulating of

the amplitude of accelerating field vith the control system for beam.

Dotted lines showed control signals.

Timing mechanism of the traaslation/conversion of beam from the

booster into the basic syzchrotrcn.

As a result of the analysis of the described earlier systems of

this kind (6-81 and study ot pos~in.e versions for further studying

are selected two of them. In the first version due to the appropriate

selection of the length at booster the frequency of revolution of its

clusters at the moment/torque wonen particle mcmentum reaches the

prescribed/assigned value, it diffars on af relative to frequency

i%+r,where q - harmonic crder (30), fo- frequency of revolution of

fzrticles in the basic synchiotrcn.

T

,!
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At the moment of Fassage Af through the rating value the

particle momentum differs from the given one not more than by 5. 10- 4 .

ecessary phase displacement between the clusters and accelerating

voltage of the basic synchrotron, to which cables itself the

operation/process of transiaticn/conversion, it is determined by the

moment/torque when voltage with frequency Af passes for the first

time through zero after the mcment/torque of the comparison of

impulses/:- omenta/pulses.

Page 265.

In the second version the master oscillator of booster with the

aid of the phase discriminator is seized in the frequency by

accelerating voltage of basic synchrotron with the difference in the

ffrequencies &f, which does not call the disturbance/breakdown of

acceleration mode with the cutoff/disconnection of control for beam.

At this moment the amplitude ot accelerating voltage is raised to

Jt maximally possible in crder to reduce to the minimum the time during

which phase displacement Detween the clusters of booster and

accelerating voltage of the basic synchrotron reaches the

I prescribed/assigned value, with which is accomplished/realized the

Smatched translation/conversicn of jarticles.

In both versions is possible the filling of separatrices with
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bunches of booster in the .r~s,,Jed/assigned sequence.

Monitoring beams in booster and circuits of translation/conversion.

nonitoring system, intended for the indication of the basic

parameters of beam (position, energy, intensity, profile/airfoil,

emittance, scatter alory the impulse/momentum/pulse), and also

distribution of losses in tne sections from the preiajector to the

point of introduction/input into main accelerator. is calculated for

the operating range of intensity 5.1010-5.1012.

Besides the usual screens and the induction seasors the system

contains combined type elactroszatic pickups for the simultaneous

measurement of shift d two planes (x and z), placed on the ring of

booster in the aperture cf correcting lenses, and also ionizing

profilometers, placad in the circuits of translation/conversion also

on the ring of booster. Tne continuous measurement of

impulse/momentum/pulse at the output of linear accelerator proposes

to use phase-transit method. for cne indicaticn of the losses of

intensity and their localization is provided for the system of

monitors. The information, put out by monitoring system, is converted

to the form, convenient for the automatic collection and the

processing with the aid cf computers.
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Profilometer.

Profilometer, adjustad on zae ring of main accelerator, ionizing

type with independent ctaining oi two orthcgcnal projections of

distribution of charge in cross section [9]. The extraction of ionic

image is accomplishad/realized with the aid of the parallel

electrical and magnetic tieids, which ensure cbtaining resolution 1

mm under conditions of the aigh intensity of beam [10]. Conversion of

image into the visible and its transmission to the hall of ccntrol

with the aid of the lutrinescent screens and the television equipment

of the type PTU 101 (on cna to each projection). The time of scanning

of image - about 50 ps, makes it possible to observe the image,

averaged on several revcluticns.

'I
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Page 266.

FINAL WORD.

Chairman of organizaticu ;oawi.-ee academician A. L. 3ints.

Respected comrades, associates, ladies and gentlemen

Before coverage of the II All--Union conference on charged

particle accelerators and oefore saying good-bye to you, solve to me

to say several words in order to total of the work, done by

con ference.

Took place 12 sessicns of the plenum of the conferences, at

which were made 110 recrts. Furthermore, for the detailed discussion

cf most urgent/most actual rnemes were carried out seven seminars.

Began we the work of conference, in accordance with the steady

tradition, from the pcsinq of the question, that expect theF theoretical physicists from the experiments, conducted on the charged

Iparticle accelerators, A very aeaningful and interesting report on
this question made Dr. A. A. Komar at the first session.

'I,
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On the classical acc-ilerators with the fixed target and the

prospects for the creaticn oi cybernetic proton synchrotrons to the

energy into hundred and tnousands of GeV reported Dr. A. A. Vasil'yev

on behalf of the colleagues of the radio engineering institute of the

AS USSR.

Should be especially ,Lotau extremely interesting and

full/total/complete report of prcfessor R. Nile from Stanford, who

expanded/developed the picture of the state of works on SLAK and

outlined path of his mcaernization, and also about experiment of the

use/application of cryojenis tc tae linear electron accelerators.

Large interest called tna report to Dr. Yu. M. Ado and his

colleagues about the wcrk .t prctcn synchrotrcn to 76 GeV,

established/installed near Serpukhov. This greatest in the world

accelerator, because of tae timely and careful preparation for

experiments, made possitle of ontaining the substantially new

results. Moreover, and the coeffacient of the use of time for the

physical experiments proved to be very high, it which indicates the

large reliability of this accelerator as a whole and of the numerous

systems, entering it.

Me it was especially desiranle to note that in addition to the

Lenin prize, sentencad during April 1970 for the bases of the

I



Sdevelopment of this accelarator, saveral days ago our government

noted by two state prizes the creation of the largest in the world

proton linear accelerator - in3]ector on 100 MeV at intensity 120 mA

in the impulse/momentumipulse ana the creaticn of the injectcr

Scomplex of tccelerator - rts elecromagnet with system of supply,

vacuum system, system cf radio electronics, general/common/total

project and constructicn. Since tne majority of the laureates of

these premiums are Iccated in this hall, I would want on behalf of

cur conference to warmly congratulate them with the high

acknowledgement of their merits.

! DUe to disease of academician Budker interesting report about

experiments in electronic cooling read his colleague R. A. Salimov.

On some possibilities of accelerating the protons in tue

isochronal cyclotron rejorted L. A. Sarkisyan.

"1 The second session cf conference (chairman of the corresponding

member of the AS USSR A. A. Naumcv) was dedicated to the

survey/coverage of the state of tuse accelerators of different types,

to the designs of new cnes and xeccnstructicn of the acting[installations.
To the electronic circular accelerator "DEZ1"' in Hamburg (FRG)
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dedicated his communication/recrt Dr. G. Kmpfert.

On the project of continuous microtron on behalf of the

developers of this project reported Dr. V. A. Slobodyanyuk. This

microtron, which gives the dccaerated electrons with the energy 12

MeV and beam current 1-2 aA is very simple on the device/equipment

and it will be very useful for studying the structure of atomic

nucleus and for the investigaticas in radiation physics.

Dr. E. A. lyaye on behalz ef the colleagues of the number of

institutes made a report about the methods and the project of an
increase in the intensity of the oeams of particles of the Serpukhov

proton synchrotron due tc an increase in the energy of injection and

use/application of an intermediate booster accelerator. At the

special seminar under the wanagement/manual by the corresponding

member of tha AS USSR A. A. Jaumova were examined different aspects

of the development of bccster for these purposes. The series/row of

interesting consideraticns on thLs question was expressed by

professor R. Martin (USA) et al.

ITo the state of wcrks on the linear electron accelerator to

Sakle (France) dedicated ais measungful report professor F. Netter.

Accelerator in Sakle relates to the class of the high-current

VI accelerators of electrcns and iz characterized by the high parameters

,

I
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for conducting the precision experiments.

G. S. Kazanskiy in his communication/report threw light on some

questions, connected with the translation/conversion of Dubna proton

synchrophasotron intc the accaleration of deuterons.

The third sessicn (leader Prof. Ye. G. Komar) was dedicated to

direct voltage accelerators, to ionic and electronic sources. In th.

reports of It. A. Abroyan, B. P. AtPyasevich, V. P. Yakushev and A. N.

Serbinov, Ye. A. Abramyan and S. B. Wasserman et al. were examined

questions of obtaining intease ion beams, obtaining of the polarized

ions, modes/conditions ot hiq-voctage discharge tubes, and also

study of intense electron beams. On these reports at the conference

was expanded/developed the lively discussion.

The fourth sessicn (Leaaar Lr. N. A. Monoszon) dedicated its

work to questions of the development of the electromagnets of

accelerators, systems of their supply and magnetic measurements.

considerable interest generated the reports of professor N. A.

Monoszon, I. P. Karabekcv, Yu. R. dazryadn, V. S. Panasyuk, B. A.

Baklakov. The-communication/report of N. 1. Doynikov and A. S.

Simakov was devoted to the mathematical simulation of

three-dimensional magnetcstatic fields.
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The fifth session (caairmaa Dr. V. P. Sarantsev) was dedicated

to one of the most fashicnaola questions of accelerative science - to

collective methods of accsalracion. Proposed by academician V. 1.

Wexler and continued by rz. V. F. Sarantsev method of the

acceleration of the electronic cing-carriers of protons during the

last few years became +ne cnject of close attention and study not

only in the USSR, where was proposed this method, but also in the

laboratories of USA and kestern Europe.

Page 267.

V. P. Sarantsev maue an iateresting report "collective ion

*accelerator - the new instrument in physics of elementary particles",

in which he described about its latter/last works.

A. A. Kolomenskiy and 1. 1. Logachev gave the basic conclusions

of developed by them t~e theory of the acceleration of ions by the

scanning of electron beam.

Very meaningful was the comaunication/report of Zh Peterson

(U-SA) about the program Lawrence laboratory (Berkeley) on the

accelerators with the electrcn rings. This report generated large

< I
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interest and so, as very iterasting report of Khaynts about tha

works in Karlsruhe was accompanied by the uumerois illastrations

whici" siowed the essential asavnca of construction of both

installations.

Some theoretical ccns,.aerations about the synchrotron radiation

in the accelerator of electron rings and about the resonances of

connection/communication of transv-rse vibrations of two circular

beams reported K. Pellegrini (Frascati), D. G. Koshkarey and P. R.

Zenkevich.

Should be noted ccwaua-aticas/reports to N. G. Anishchenko, N.

S. Repalova, i. N. Ivancv, A. S. Sonch-Osmolcvskiy and C. A.

Val'dnera, connected with the thematics of the 5th sessi.on. However,

ia participants in t:,e sessicn remained a feeling of dissatisfa,-' ion,

since exchange opinions kas not to sufficiently complete ones.

Therefore organizaticn cc:nmitree accepted proposition to continue

discussion at the specially oryanized seminar which takes place on 13

November this year under V. P. Sarantsev's management/manual.

ji The sixth session (cnairman of Prof. F. A. Vcioplyanov) was

dedicated to the most importaat theme - the development of

.-iper .onducting elements of accelerators.

Let,
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The vast study prcpram of Rutaerford laboratory (England) on the

creation of the Plements/celis of the superconducting synchrotron was

reported by N. D. Vest.

Ths analogous programs, vaich are conducted in France (Sakle),
i ere reported by Dr. G. Bronr. Communication/report about the state

of investigations in Karl.ruhe (FRG) on the superconducting and

cryogenic magnets for th syncnrotron was conducted by Dr. V.

Khaynts. In Karlsruhe were prepared small models of both types.

Very interesting report was conducted by Prof. R. L. Martin

(USA) about superconductin4 hign-energys accelerator. Is possible the

achievement of intensities 1011-J0L s prot./pulse. In front is ia

pr pect extensive wcrk, but in tae case of the success which one

c-ight not to doubt, views on the advisable ccnstruction/design and on

the projects of high-energy accelerators will require serious review.

I

A series/row of Scviet authors (Yu. P. Batakov, N. I. Doynikov,

A. I. Kostenko, L. I. Greben' and Ye. S. Mironov et al.) announc

about their calculatiors and exieriments, connected with the design

cf superconducting eleirents of electromagnets in stationary and

pulsed magnetic fields taking into account the losses in them.

4 Repor-%'s at tha seventh session (chairman Prof. A. A. Kolomenskiy) and

I

-r 4Iegt esos(himnD.D .Kskrw eeddctdt
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questions of particle dynamics in the accelerators, the

*accumulators/storage and cna installations with clashing beams. Here

should be noted the re[CLt6 tC V. V. Petrenko on behalf of the group

of the colleagues of FI of AS UkSSR about the longitudinal

compression of clusters, i. A. Teplyakov about the system of the

quadrupole high-frequency focusiry in the linear ion accelerators,

during the use by which it iz ssible to obtain acceleration and

strong focusing of ion beams in the linear accelerators of protons

without the use of the tccusiag magnetic fields. Are found the simple

forms of the electrodes, which ensure necessary field pattern in the

interaction region with th6 Deaa. Are dismantled/selected the types

off the resonators, mcst ddvancajeous for this system of focusing.

To questions of the investigations of the longitudinal

instability of beam in the accuauiator/storage was dedicated A. M.

Shenderovich's report.

E. A. Miyaes et al. (TJFViE) reported about the conducted

investigations on the passage or the region of parametric resonance

on the Serpukhov proton synchrotzcn.

To the studies of s,,nchrotrc;n motion in the presence of space

charge dedicated his ccwmunication/report K. Reich (CERN).

Jg o
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To calculations and weasurements of connection/comnunication

between the synchrotron and betatron oscillations in the electronic

synchrotron dedicated very interesting communication/report N. S.

Krouli-Millin (England).

Considerable interest were of the reports of G. I. Dimov (USSR),

B. Tsotter (CERN), A. A. Kolomensxiy and A. P. Fateyev, A. I.

Dzergach, Ye. L. Kosarev, B. N. Sidellnikov, Ya. S. Derbenev et al.

Especially should be noted tne interesting report of 3. K.

fBarton and Ye. K. Rak (USA) about the instabilities in V. h. the

system of Brookhaven synchrotron, caused by beam load.

The series/row of reports (B. I. Bondaryev, V. V. Miller et al.)

was dedicated to the use/application of computers for study and

simulation of the depression of Faase oscillations and to the

investigations of the alignment procedure of work of the accelerator.

To questions of particle dynaics it was devoted so many

reports, that it was necessary in accordance with the program of the

work of conference to hear them in two sessions.

IX session (chairffar Dr. A. A. Kuz min) was dedicated to

questions of radio electroni.cs of accelerators and to measuring

,1
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systems of the parameters of beam.

Of the foreign rerorts it is necessary to note the large and

very meaningful report ct K. D. Johnsen (CERN) about the methods of

measuring the parameters of oedw. Lecturer introduced participants in

the conference to the very rica material, assembled in CERN within

the time of the operaticn of 28 GeV acceleratcrs of protons.

The series/row of the reports of the Soviet researchers (L. V.

Reprintseva, 0. A. Gusev, K. A. Sodoyan, V. V. Yelyan, V. A.

Skuratov, A. N. Didenkc and 1. P. iarabekova at al.) was dedicated to

general/common/total questions of radio electronics of accelerators,

to measuring systems of the parameters of beam and to specially

created measuring installations, raalized on the Soviet electron

accelerators, and protcns.

On tenth session (chairman Dr. B. P. Murin) were heard the

reports to A. V. MishcterKo ca aebalf of the colleagues of radio

engineering institute alout the project of linear accelerator on 38

neV - injector of the future oocster of Serpukhov proton synchrotron,

Yu. A. Khlestkov and 0. A. Val'dner about the selection of the

accelerating system in the wayeyuide !.ctions. The lively discussion

and some observations caused the ceport of S. A. Heifetz (Yerevan)

about the selection of the design of the parameters of the
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accelerating system of the electron accelerator on 50-100 GeV.

Was of interest the coamunication/report of F. F. Ferger and V.

Shnell (CERN) about V. h. to system for the rings with the

intersecting beams. This report is especially important because the

unique rings in CERN are found already in the starting/launching

stage and obtained the first aecouraging results.

Page 268.

V. M. Pirozhenko cn oehaif of the group of the colleagues of the

radio engineering institute of the AS USSR announced about the new

types of the accelerating structures, which are very

adequate/approach for the largest proton linear accelerators, in

particular, for meson-Ftcduclnjzs cyclotrcn.

V. M. Petrov reported about tae HF system of ring VEPP-3
' I (Novosibirsk), while V. L. stapanyuk on behalf of the group of the

colleagues of J.I.N.R. described aout the works on the creation of

new debuncher of synchrcphasotrc J.I .N.R. with modulation of energy

of the accelerated beam.

Finally, A. I. Kvasna, A. Y. klishchenko, B. P. Murin, B. I.

Polyakov and Yu. S. Cherkashin reported about very successful

4)
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3.xperim-nts on the compensation for decreases in accelerating field

in Linak-injector of Ser~uknov synchrotron upon the acceleration of

intense beams to 100 mA. The snown oscillograms convincingly

testified about the successful sclution of stated problqm.

4 I By questions about the taryets, the transportation of beams,

their input and output was occupied the eleventh session (chairman

Prof. L. L. Gol'din).

To the conclusion/output o0 tae proton beam of 1 GeV synchrotron

cf the physiotechnical institute of the AS USSR was devoted the

communication/report of G. A. Ridaov et al. Were dismantled/selected

the methods of calculation of .agnetic pipe, was described its

construction/design. The eftect.vaness of ccnclusion/output achieved

25o/o with divergence of 0.10. (

V. I. Gridasov reported the priaciples of construction and the

technical special features/peculiarities of the system of the rapid

induction of the accelerated oeaa to internal targets, which is

applied on the Serpukhcv synchzczxcn.

G. V. Badalyan et al. the colleagues of Yeravan physical

institute in its commnication/repcrt reported about the method of

the slow conclusion/cutput of electron beam from the synchrotron

I
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"ARUS". Were given the parawecezs of emittd beam at the duration of

trace 2.5 ms. The communication/report of Prof. Regenshtrayf

(France), made oartially in the Russian language, was devoted to

phase-space acceptance of rne aoublet, comprised of the quadrupoles.

It was listened with the consiaezaole attention, and for the Russian

part of the report to Ficf. Rejenshtrayf it was rewarded with

applause of auditorium.

Yu. G. Basargin et al. reported the results of the calculations

of the longitudinal and transverse aberrations of the second order

for 2.L-meter isochrcnal cyclotrcn of £AE in. I. 7. Kurchatov.

The communication/repoct of M. R. Harold (England) was devoted

to the methods of beam extracticn from the accelerator of NIMROD, and

in the communication/repcrt of Zh. for were given the conditions for

existence of beam during the resonance processes of his

conclusion/outp.t from the synchrotron.

T. A. Vsevolozhskaya on oehalf of the group of the colleagues

academician G. 1. Budker gave the diagram of obtaining antiprotuns on

the installation, intended for the clashing proton-antiproton beams

in Novosibirsk.

Finally, at the talfth final session (chairman Dr. A. A.



DOC = 80069321 FAGE

Vasil'yev) were examined 4uesticn3 of control and direction of

accelerators with the aid ot computers. On the automation of

Serpukhov accelerator announced A. A. Kuz'min, while about the

automation of Kharkov ci 2 GeV electronic linak - V. I. Kolosov. On

• , the use/application of ccmpu'ecs on the rings of CERN made very

interesting communicaticn/report P. Uollstenkhol'm. On the automatic

complex for the control cf the model of cybernetic accelerator

described Yu. S. Kuz'min.

-EhB appearance of these ana other reports on the thematics of

the 12th session for the first time so representatively began to

sound at our conference.

my final survey/coverage, of course, is incomplete and I please

apology in the lecturers whose names I did not mention. This does not

in any way mean that tIeir reports are less important or

uninteresting.

Summing up the results of our conference, I would want to note

that it passed successfully and fruitfully. I do not undertake to

confirm that the most valuaole occurred in this large hall or seminar

rooms. Frequently the most interesting conversations occurred at the

tables of halls and lothies of the house of scientists, and sometimes

also during the journeys. In a word, the most valuable were the
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scientific contacts between the scientists of different institutes

and different countries.

On behalf of gathering at the conference I would want to thank

the colleagues of tachnical committee, its translators and workers of

the house of scientists, whose mcdast work aided our work and made

its effective.

Large appreciaticn to ali lecturers and participants in the

conference for their creative contribution.

thsSolve to wish to all to you to preserve the good memory about

this II All-Union conference on charged particle accelerators, about

our capital - loscow and about our great socialist native land. To

the meeting through two years.
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